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ADVERTISEMENT. 


This Edition lias been greatly extended, so as to present 
a full body of Chemical Science, Theoretical and Practical. 

4 

It contains the General Principles of Chemistry, 
including the Atomic Theory — Heat — Light — Electricity 
— Galvanic Electricity, &e. 

The Elements* and their Compounds, .including Or- 
ganic Chemistry — the Experimental Illustrations of the 
Lecture- Room, along with the Manipulations of the Practi- 
cal Class — the Preparation and Application of Tests — the 
Detection of Poisons and Adulterations. 

The LaroratqUy. — Ventilation of the Laboratory, 
Miscellaneous Apparatus, Blowpipe, Tube Apparatus, Flat- 
Glass Apparatus, &c. 

A Short Introduction to Chemical Analysis, with Brief 
Exercises, illustrative more especially in Qualitative Analysis. 
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In*this Work, while the great object has been to enable 

the student to become acquainted with the theory and prac- 
• * _ 
ticc of Chemistry, and the most, approved Apparatus, the. 

Chapters cqi the Blowpipe, Tube Apparatus, Flat-Glass Ap- 
paratus, &c. will enable thoso*who have not access to the ex- 
tended arrangements of a well-stored Laboratory, to perform 
Test Experiments at thc*most tjifluig expense, and to ex- 
amine practically on a small scalq, while studying at home, 
*all the most imporfchit phenomena of Chcjnieal Science. 



PRE FACTE. 


The object of this Work is to explain the .principles of 

Chemistry, and to dcftc«ibp a systematic and extended., series 

of chemical experiments, with precise and minute directions. 

for performing them; so as to afford a proper foundation for 

acquiring a knowledge of the theory of this sey?ncc,«and 
* 

habits of practical skill in chemical operations. 

Chemistry is now gaining ground every day as a' branch 
of general education, loot only from its acknowledged im- 
portance to those \?ho are" engaged in particular professions, 
but also from the general progress of the science, and the ex- 
tent to which it can be Applied in explaining the phenomena 
of nature, and improving the processes of art. 

Chemistry is now 90 longer confiiicd to particular profes- 
sions, arts, and rtianufacturtjs, byt extends its dominion over 
the whole economy of nature, and is seen ministering* in 
every direction to the comforts and necessities of daily'life. 
Wherever there are animals, vegetables, or minerals, — 
wherever there is .earth, air, or water, — its agencies are found 
to be in continued operation, and to act an essential part in 
sustaining the life, order, and harmony of the whole. The 
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power^aiid number of its instruments, the infinite variety of 
materials on which it operates, tlicfc endless combinations 
which it can effect, and the creative energies it exerts, have 
given a splendour to its progress that has arrested the atten- 
tion of the world, and excited a.daily increasing interest in 
its investigations. 

® r 

There is perhaps no branch of knowledge more extensively 

cultivated at the present moment'; and in addition to the 

daily increasing aceiynulation of facts in the experimental 

laboratory, find in the practical operations of science in 

connection with pr{s, manufactures, i.ntl mines, no preceding 

period has seen more eminent men devoted to the culti- 
» . * 

vation of Chemistry, or extending more rapidly its former 
bouftdarieff by their researches \n the philosophy of this 
science. TJhe new associations also that have appeared of 
late* in almost every civilized country, have facilitated greatly 
the acquisition of knowledge, while tfnc periodical press dif- 
fuses throughout the globe a knowledge 1 of all that is inte- 
resting and important in the progress of discovery. 

Among those whose numeious Communications the ad- 
vanced student will more particularly study, and who arc 
still engaged in the walks of chemical science, we may enu- 
merate more particularly I^altoft, Berzelius, Faraday, Gay- 
Litssac, Thenard, Mitscherlich, Becquerel, Biot, Arago, 
Rose, Thomson, Mosander, lire, Liebig, D’Arcet, Graham, 
andVPelouze ; while it is impossible to open any of the scien- 
tific journals, without observing many namps which are daily 
attaining lifgher eminence, and promise soon to rival the 
illustrious men to whom we hare more particularly referred. 
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In this volume I have necessarily borrowed much from,their 
labours, and have taken several illustrations, morp particu- 
larly from Mitscherlich, Faraday, and Liebig, which appear 
in the text. 

'* • 

Although Chemistry is necessarily ^becoming every day 

more and more important, yet perhaps its vafeie as an essen- 
tial branch of general education has not always been duly 
estimated. Nor is it surprising, when we look at the rapidity 
with which it has ariscit from a subordinate art, and attained* 
a first rank among the liberal sciences, that it should not 
have yet unfolded all 'it* capabilities,. adjusted its*me- 
thods, and adapted its processes to the various aspects under 

which a department so broad and comprehensive may be 

4 • f • 

viewed^ — to its power of imparting knowledge, or increasing 

practical skill. It is only from adwertiyg to thesfe conside- 
rations that we can explain why the praoticc of a science so 
eminently practical as Olieipistry, lips not been* moje gene- 
rally taught along with the theory ; and, indeed, not many 

years ago, it was not considered possible that classes could 

• t a • * 

be arranged for this purpose, unless at such an expense as 
must have precluded the greater number of* students from 

taking advantage of them. • . • 

• * 

I may be here allowed to observe, that tlic student who 
engages, in addition to his attendancp at lectures, in a scries 
of chemical experiment^ properly conducted, is not only 
acquiring those practical habits which enable him to apply 
his knowledge to useful purposes, but is placed in p situation 
the most favourable that can be conceived, to render it at 

I • 

once accurate, pertnanent, and effective. The interest lie 
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necessarily feels in the success of a process where he is called 
upon to apt a part, and the striking nature of the pheno- 
mena, quicken his attention to every thing that may influ- 
ence the result, and force him to an intimate acquaintance' 
with the chemical relations of oyery material with which he 
operates. Nor js it of small important^ in the laboratory 

that; the teacher, besides* superintending each step of the 

• « • 

process, is always present to explain every peculiar difficulty, 
?and point out whatever is most interesting. Thus, habits 
of mental activity and manual dexterity go hand in hand. 
Knowledge acquired in this mamte* stands on its proper 
basis ; jt is qualified with all the precision, and impressed 
with all the force, of actual experience? Nothing is allowed 
to *escap?*the attention of the student ; at each step he is 
called up<m to bring all, his knowledge to some practical 
test, — an exercise eminently calculated to strengthen all the 
powers of liis mind, and to tfrain him to habits of accurate 
observation an3 rigorous induction. . 

Although no written directions can* supply the place of 
practical habits, or give that dexterity, readiness, and re- 
source, which are to be acquired only by being conversant 

with the operations of the laboratory, yet much may be done 

# • • 

to facilitate tip; student’s* progress, by minute and definite 
directions for performing such a series of experiments as may 
enable him to acquire, along with Jthc theory, a knowledge 
of^ the practical relations of the science, and the mode of ope- 
rating*with different kinds of matcrials»and apparatus. It 
is with the hope of being useful in this respect that the pre- 
sent work has been written ;* and, belief ing that the prac- 



PREPACK. 


tice of the science must be cultivated to a much greater ex- 
tent than has hitherto *been the case, to enable the profes- 
sional student to attain that knowledge of its details which 
he is expected to possess, I shall conclude these observations 
by requesting his attention* to the Allowing memoranda, 
which may be useful to those who am commencing the study 
of Chemistry. 

The great object of every professioifal student, of ever/ 
one who may study Chemistry .with some more important 
object in view than the gratification, wjftch it prescrita to 
every inquiring mind, should be to obtain such a knowledge 
of the principles and of the practice of the science, as may 
enable him to conduct processes and perform experiments, 
to prepare and apply tests, to undertake any orflinajry che- 
mical investigation, anjl to acquiie those habits of resource 
which will redder him independent of tfie complete, arrange- 
ments of an extensive laboratory, if he is likely to be called 
upon to operate in situations wherfe these arc not accessible 
to him. 

The science of Chemistry is now §o extended, that a tho- 
rough knowledge, even of t&e elements, is not to be attained 
without, a steady and devoted attention, sustained for a con- 
siderable period. Six iflonths’ attendance at Lectures for an 
hour a-day, and attendance for three months’ at a Practical 
Class, also for an hour a-day, have formed the usual routine 
of professional education ; but the time allotted .to fhc prac- 
tice is much too small for what is expected of the student 
within that period. He should therefore, wherever time and 
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circumstances permit, devote as much leisure as he can spare 
at home to the application of tests ofi the small scale, with 
, flat glass ( apparatus, should he not* be able to have access to 
* a laboratory for a longer period. Some public boards indeed, 
as the Army Medical Board, insist upon six months’ attend- 
ance on Practical Chemistry, independent of Lectures ; and, 
in general, it*mjiy be stated, that tjiose advance most rapidly 
and certainly in the study of the science who attend the 
Lectures and Practice at the same time, for they mutually 
assist in laying such foundation, that the student can 

0 i 5* m a 

always renew a toflrse* of experimental illustrations on the 
smalj scale at home, while lie is led to perform numerous test 
experiments in attending to oth^r departments of science, 
and these assist him much in retaining the knowledge he 
may have already acquired*. • 

In studying for the medical profession, as well as for agri- 
culture, arts,* and manufactures, «a thoqpugh knowledge of 
Chemistry assists the beginner in all his subsequent studies. 
It has been customary, Accordingly, to commence with i^; 
and, in entering upon this branch of science, it may be im- 
portant to recommend the beginfler to study carefully the 
principles of the science in the fyrst place, qpd, in particular, 
the atomic theory and Berzelian symbols, which arc as essen- 
tial* in the present state of the science, as figures in arith- 
metic. Frequent practice alone can 'render its details fami- 
liar ; and, as the varied facts are apt to escape the memory 
unless tficrc be frequent recapitulation, tl*e professional stu- 
dent should not omit joining in any examinations, or mu- 
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tual instruction classes, connected with the course lie may 
l>e attending. 

Nothing tends more, however, to assure the student of his . 
progress than the* application of tests, and th^ writing of* 
symbols, and his success in any simple analytical investiga- 
tion which he may he cajled upon to attend* to from time to 
time as an exercise. J3y practicfe, and also, by drawing up 
illustrative diagramatic figures, in the manner explained in 
page G17, and by frequent use of the* chemical abacus de- 
scribed in the appendix, he will, soqn become intimately ac- 
quainted with the atomic composition* and Chemical relation 
of the move important combinations, which will guide .him 
in tracing the various changes of which they arc susceptible. 

Again, where the student has not access to the lecture 
room .or to'the laboratory, he canAot be too cautious in ope- 
rating with different iqaterials, tlie precise nature of which 
may be unknown tg him. . ivlany young experimenters have 
sometimes injured themselves permanently from this cause. 
He should also recollect, that the’re are numerous experi- 
ments and processes which may be performed with much 
less costly apparatus and materials than are* employed in the 
well-stored laboratory ; anfl there is. no science where so 
many experiments’ can be performed at the most trifling 
expense, and where a little ingenuity will so often enable* the 
experimenter to obtain the object h« may require, thopgh 
deprived of the apparatus he would have preferred if he were 
allowed a choice. * Every one, indeed, professing to study 
Chemistry as a science, should at least provide himself with 
fifty or sixty chemicals, including a few bottles with acids 
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and alkalis, such as he may obtain in the small museum 
fitted up by Mr Macfarlane, with winch, if he operate on a 
minute scale, he may perform thousands of test experiments.* 
It is important also to remember, that, in attending to 
the brief introduction«.to Chomfcal Analysis, the strength of 
acid and alkalixe solutions should particularly engage atten- 
tion* as thqpe arc the principal materials that are employed in a 
wide range of chemical operations^ and no one can expect to 
operate with any degree of facility or precision, who is unable 
to estimate the strength of t the most important agents which 
hc/may have occasion* to employ. ‘ llte should then endeavour 
practically to go through the lessons recommended in Chapter 
IV. Part IV., making up parcels containing specimens of the 
different substances mentioned in the key, and requesting 
any friend* to give him oim from time to time without .telling 
him what it is, that he may enter upon the analysis in the 
same manner as he may have to operate afterwards when 
called upon to undertake any analytical investigation. 

Sec also the list of Chemicals given in page 774. 



CHEMICAL EQUIVALENTS AND SYMBOLS.— Hydrogen = 1 


Sjftnb 


Eqmv. 

Discovered by 

1 ear. 

Symb. 

Eqmv 

Discovered bu 

Yew. 

H. 

Hydrogen 

1 

Cavendish, 

1706 J 

Zr. 

Zirconium 

33.67 

Dcizclius, 

1624 

C. 

Carbon 

6.12 

Known to the Ancients. 

As. 

Arsenic 

37*7 

Brandt, * 

1783 



■ { 

Priestley, ^ 

1774 

K. 

Potassium 

39.2 

Davy, 

1)K»7 

u nr. utygeu 

Scheele, 

1775 

Sr. 

Strontium 

43.8 

Davy, 

JIJ 07 

B. 

N. 

Boron 

Nitrogen 

. 11 
. 14.2 

Davy, . 
Rutherford, 

1807 | 
• 177a | 

Co. 

Cerium 

46 

1 Mislnger, , 

1 Berzelius, J 

loot 

P. * 

Phosphorus 

15.7 

Brandt, . 

1609 | 

Mo. 

Molybdenum 

17-9 

Ilielnfl . 

1*782 

8. 

Sulphur 

. 16,1 

Known to the Ancients. i 

R. 

Rhodium 

. 52.2 

Wollaston, 

lb03 

F. 

Fluorine 

. 18.7 

Dr Faraday, 

1034 

Pd. 

Palladium 

. 53.35 

VW)llaston, 

lriici 

Cl. 

Chlorine 

. 35.5 

Scheele, . 

17^ 

Cd. 

Cadmium 

. 65.8 

Stromeyer, 

181H 

Se. 

Selenium 

. 40 

Berzelius, 

1018 

«n. 

Tin #. 

. 58.9 

Known to tho Ancients. 

Ur. 

Bromine 

. 7&4 

Baiard, • 

1827 

Th. 

Thorinum 

. 59.6 

Berzelius, 

182 1 

I. 

Iodine 

. 126.5 

Courtois, * . 4 

181 J 

Te. 

Tellurium 

. CU? 

Muller, . 

17U2 

L.* 

Lithium 

. 10 

Arfwedson, 

1810 

Sb. 

Antimony 

. 6i.C 

0 Bawl Valentine, 

1-tDO 

Mg. 

Magnesium 

12.7 

Bussy, . 

1829 

V. • 

Vanadium 

. 68.5 

* Seffitrom, m . 

1830 

\l. 

Aluminum 

. 13.7 

Wchler, 

1020 

Ba. 

Barium 

. 1*1.6 

D3ivy, 

1807 

t’a. 

Calcium 

. 20.5 

Davy, 

llt07 

Bi. 

Bismuth 

. 71.5 

Known to Agricola, 

1530 

Si. 

Sillcum 

. 22 

Berzelius, • . 

• 

W. 

Tungsten 

. 94.0 

D’Klhuyart, 

1781 

Na. 

Ti. 

Sodium 

Titanium 

. 2.15 
. 215 

Davy, • . 

Gregor, 

1807 

1791 

Ir. 

lridlumt 

. 90.0 

j Dewotils, 1 

1 Tennant, J 

# 1803 

G. 

Glucinum 

. 215 

Wohler, 

1020 

PI. 

Platinum 

. !)8.8I 

Wood, . 

I7H 

Mn. 

Manganese 

. 5*7*7 

Gahn am' Scheele, 

1774 

Os. 

Osmium 

. M.7 

Tennant, 

J«o:< 

I'e. 

Iron . 

. 28 

Known to IhrjAuficnls. 


I.tad 

. 103.7 

Known to the Andeutsi 

fr. 

Chromium 

. 2119 

Vauquelin, 

•1797 

Ag. 

Silver . « 

. ign.3 

Known to tile Ancients. 


Cobalt 

. 29.5 

Brandt, 

1773 

Ta. 

Colurntdum 

. 184.0 

Hatchett, 

ItiOJ 

NJ. 

Nickel 

. 29.5 

Cronstedt, 

1751 

Au. 

Gold . * 

. 200 

Known to the Ancients. 

Cu. 

Copper 

. 31.7? 

Known to the Ancients. 

Hg. 

Mercury, 

. 203 

Known *to the Ancients. 

V. 

Ittrium 

. 32.25 

Wohler, • . 

1020 

U. 

Uranium 

. 217.2 

Klaproth, 

17«Ji 

Z. 

Zinc 

. 32,3 

Known to Agricola, 

1529 






EARTHS discovered before Davy\s discovery of the Composition of the Fixed Alkalis 
• and Earths , and not Known to th t Ancients. 


Baryta, by Scheele, 

, S tron tia, llopo, 

Zircon i a, Klaproth, 


1774 

*1792 

1709 


tjliicina, . by Vauquelin, . 17 j> 7 
Tborina. Berzelius, . |«2« 

Yttria, "Gadolin, 17!M 


1. Kut'li dot or O ( . ) prefixed to a symbol indicates one equivalent of oxygen. 

2. Compounds are represented by the symbols pf their elements. SFe = sulpliuret 

of irom 9 

'$! A figure prefixed to any symbol or syinbols, multiplies all that follow, unless a new 
sign intervene. Thus, 2*H‘:S = 2*11+2:8. 

2'H :8+*K = 2*H+2:S+*K. * 

4. A small figure placed after any symbol indicates that it is to be multiplied, — and 
does not refer to any other symbol. Thus — 11 2 C = 211-fC. 

G 8 N = 2C+N. NH 3 = f+3H. OC 8 H 3 = 0+«C+3H. 

5. Brackets are often tified in representing complicated combinations. (2HC*N+ 

C 2 NFe)+2K = Ferroprussic*acid 4- 2 Potassa. * 

ti. A figure prefixed to brackets inclosing symbols, multiplies them all, whether signs 
intervene or not, within the brackets. , 

7. In the Symbolic and Diagrammatic Illustrations, “ &” is used to signify a substance 

added to or separated fjjoin another but + is placed beAween substances chemically com- 
bined. Thus :S&*K signifies that sulphuric acid ( IS) is to be added to the potassa 
(•K) ; but iS-f *K means sulphate of potassa, or sulphuric acid already combined with po- 
tassa. % 

8. Many vegetable acids And other substances are represented at Dresent most conve- 
niently by Italic Capitals, which are used as provisional symbols, adding some succeed- 
ing letter where more than one have the same initial letter. 


A. 

Acetic 

Cz. Curbazotic 

b\ Fbrmio 

M Malic 

It. Racemic 

B. 

Benzoic 

Ct. Citric 

G. .Gallic 

Me. Meconic 

8. Succinic 

C. 

Camphoric 

Cy. Cyanic 

K . Kinic 

P. Prussic 

T. Tartaric 
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ABBREVIATIONS. 


Temp temperature.^ EahivnJieiVs thorinometer is always referred to, 

if no other be particularly mentioned. 

Bar barometer. #. • 

□ one measure or volipne ; the square representing cubic capacity. 

cj* half a measure or volume. * 

Parts always signify parts by weight, where it is not otherwise stated. 

W weight. * 

V volume, or Pleasured bulk. 

+ is translated “ combined with.” 

& or and.... signifies to be 
^ •. jnultipJif^l by. 

= equal to, y&mposed of, or may be resolved into. 

c. i. ...* cubic inches. 

* grain. 

sn. gr specific gravity. 

Far. . . .•.•paragraph. 

By mb symbol. 

Hynon •synonymes. 

J£q. * equivalent. 


a<yied ifj, or mixed with. 


The student is recommended to write frequently Symbols and Diagrams, il- 
lustrative of the most important cases of chemic&l action, after lie has be- 
come familiar with the preceding^Table., 
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PART f. 

DIVISION I.— SIMPLE SUBSTANCES. 


CLASS T 

SIMPLE SUBSTANCES NOT METALLIC, ANI)» THEM 
COMBINATIONS WITH EACH OTHER. 

CHAP. 1.— OX Y WEN, ' 

• • „ 

Extensive distribution of, Substances from «v hid) it is procured, # 2 - 
Preparation from tin; Binoxide of Manganese by Sulphuric Acid, 2- 
Precaution on exposing a powder and licjuicl to beat in a Glass Vgssel, 2. 

— Retort Stand, 3 - Pneumatic Trough, 3.-*- AWethod of tilling Jars >vitb 
G«.s, 4. - -Transferring Gases, 4f— Chapiter, 4. — Chauffer Chimney, ft. 
—Chauffer Pincers, ft.— Tin Pincers, ft. Crucible Chauffer, ft. — Sus- 
pended Candle, ft. -Mode of Testing the Oxygen, ft 6 — Jhirification of 
the Manganese, fj Precautions towards the eyd of the Process, 6*. - - 
Method of Cleaning the Retort employed, Ci . — Preparation of Oxygen 
from the Binoxide of A^mganeso l>y I beat, 7. I ron Bottle, 7 .*-Dr Black’s 
Furnace, d. — Poker and Miovel, d. — Gasholder, J). — Jointeij r fuhe, 10. — 
Precautions, 10.- Preparation of Oxygen from the Binoxide on a Small 

Seale, 10.— Small Tron Bottle, It) .Theory of tly* Action when prepared 

by Heat, 11. — Theory of the Action when prepared by Sulphuric Acid, 

11. — Preparation oi« Oxygen from the Binoxide of Mercury, 12.— Theory 
of the Action, 12 —Apparatus for this Process, 12. — Glass Pneumatic 
Trough, and Apparatus for collecting the Mercury, 12.- Preparation of 
Oxygen from tlic Nitrafo of Potassa, Id. -Theory of the Action, if — 
Precautions, 13.- Preparation of Oxygen from the Chlorate of Potassa, 

13.— -Apparatus, 13 4. — Theory of the Action, 14. — Preparation of Oxy- 
gen with a Glass-Tube^nd Spirit-Lam"), 14. — Flexible Tubes, 1ft. — Ex- 
tensive Chemical Relations of Oxygen. — Action on Metals, Ac. 1ft, lfi, 

h * 
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Oil A L\ 1 1 .—HYDROGEN, 

Extensive distribution of, 1C.- Preparation of Slydrogen from Water by 
Sulphuric Acid and Iron or Zinc, 17.'- Apparatus, 1/. — Theory of the 
Action, f 3. —Proportion of Materials, 13.- *Mode of Estimating the Quan- 
tity of Hydrogen Disengaged by a Given Weight of Iron or Zinc, 10. — 

Precautions, 10 Form in which the Iron and Zinc are to be used, 10. — 

Preparation of JIydrogcn*ifrom Shanu* 10- 20.-' Apparatus, 20.—' Theory 
of the Action, 20 v — Convenient Mode of introducing the Water, 20. — 
Gasometer for Hydrogen G!is, 21. — Convement Apparatus for preparing 
Hydrogen outlie Small Scale, 22.- -Impurities — Method of preventing, 
22-3. — Conibustfbn of Hydrogen, 23. — Detonation of Hydrogen, with 
Oxygen by Heat, 24. - -Theory of the Action, 24. — Method of Filling the 
Detonating Dottle, Ac. jji>. — Their CombiiTatioji by Pressure, 2(>. - -Tiieir 
Slow Combination, 26.- - Tones produced by Hydrogep. burning in tubes, 
2(1— Action of Hydrogen on Spongy Platinum, 26- Dobereiner’s In- 
stantaneous Light ApparatitJ, 26*7.- -Methyl e»f filling a Pladder with 
@as, 20. — Jjrass Noalfcje, $3. — Action of Spongy Platinum on a Mixture 
of Oxygen aud Hydrogen Gases, 20. — Method of estimating the Propor- 
tion of* Oxygen or Hydrogen in Mixed Gases, 20.— Various Apparatus 
for this experiment, 30, 31 . 

Sect. 1 — Water, ..... :n 

Formation of Water by the Explosion of a Mixture of Oxygen and lJv- 
jlrogeu Gases, 31. —Importance of Water as a Chemical Agent, 3z. - 
Methods of obtaining Pure Water, 33. Distillation of Water from a 
Small Boiler- Apparatus, 33. Distillation cfi Water in Glass Vessels, 

34.- Long Funnel. 34. - diameters of Wure Wa ,,, r J 34.-- Quantities of 
Different Gases absorbed by Water, 3fi.- Steam-Boiler, 35-0.— -Safe ty- 
Val\e, 30 - Method of preventing the Accumulation of Saline Deposit 
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PRACTICAL CHEMISTRY? 


PART I# 

I WVrsiON I. 

SIMPLI^SURSXANCKS. 

• 

CLASS I 

SIMPLE SUBSTANCES NOT METALLIC, AND THEIR 
COMBINATIONS tVITH EACH OTHER* 


CHAP. I OXYGEN. 

Synth . O or a dot Etj. by W. 8,- by col time, (half 

sure. Specific (/rarity, 1.026 (Temp. 00° and liar. 30) ; W. of 
100 <\ 34.1 Vgrs. ’ . 

Oxygen evolves light and heat when suddenly compressed. 100 c. i. 
of water , absorb 3.7 of oxygen. 

1. Oxygen is an element thahis widely distributed over the 
material world, forming; about a fifth part of atmospheric air, 
eight-ninths of the water of the globe, and existing in large 
quantity in most earthy substances, and m the products of the 
vegetable and animal kingdoms. It is procured with facility 
from a number of its compounds by exposing them to heat, 
when it assumes the form of a transparent and colourless* gas, 
pre-eminently distinguished by its power of supporting com- 
bustion and respiration. It can unite with all the elements, 
and with many of therR in several different proportions. When 
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PREPARATION OF OXYGEN GAS 


it combines with the lion-metallic bodies, the resulting com- 
pounds have usually acid properties ; with the different classes 
of metals it forms alkalis, earths, and the common metallic 
oxides. • 

2. Preparation. — The substances from which oxygen gas 
is commonly prepared are the binoxide of manganese, the bin- 
oxide of mercury, and the nitmte and chlorate of potassa. The 
last of these yields the purest oxygen gas, but the first is com- 
monly employed, as it is procured at a moderate price, and af^ 
fords oxygen sufficiently pure for the purposes to which it is 
generally applied. 

From the Binoxide *of Manganese, called also Black Oxide of Man- 
ganese, Peroxide of Manganese, or simply Manganese . 


*3. Oxygen gas may be prepared from the binoxide of man- 
ganese bv mixing it with rather more than its own weight of 
# aqueous sulphuric acid, and exposing it to the heat of a good 
lamp or chauffer; 43.7 of the binoxide of manganese, and 49.1 
of aqueous sulphuric acid are the more exact proportions. If" 
a larger quantity of sulphuric acid be employed, as one and a 
half or twice as much, and the heat not continued till a dry 
mass is obtained, the residuum is removed easily from the retort 
when thejprocess ps finished., 

fi*. i. 4. For this purpose, a tubulated retort is filled about 
CZZz a thfrd f u M °f sulphuric acid, pouring it carefully 


Y through a glasjj funnel, Fig. 1 ; the manganese in fine 
powder is then poured through another funnel, previ- 
ously warmed to render it perfectly dry, shaking the 
acid from tifrie to time before the whole of the manganese is 


introduced, that (J it may not gather into lumps. Should the 
manganese Tie put in first, it not so easily mixed afterwards 
with the acid,- and if it should lie dry on any part of the bot- 


tom of the retort, which often is the case when they are intro- 
duced in this order, even after they have been well shaken 


together, the retort is extremely apt to be broken. These re- 
marks apply to all cases where a powder and a liquid are ex- 
posed to heat in a glass vessel, whatever form it may have, and 
the mord heavy and insoluble the powder is, the greater is the 
necessity of attending to them. 

5. The retort is to be placed on a ring supported by a brass 
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fig or iron stand, Fig. 

4 PI 4 & 12 , and fixed in* its 

place by turning a 
z zzz is. screw when its 

uN^^x~ — ~~ ° ‘ K ’ v height has* been 

l properly adjusted. 

a || \ k If the retort be 

i — iv large, and the ring 

at a considerable distance from the stem of the retort-stand, 
weights must be put upon it to keep it steady. The most con- 
venient for this purpose are cylindrical pieces of lead, from 
half an inch to an inch apd ft half thick, hawing the same dia- 
meter as the bottom of the retort-stand over which they are 
placed, a piece of lead bejyig cut (jut from the centre to the 
circumference, so as to allow •them to h9 0 put#oij or taken off • 
•without interfering with any other part of the apparatus. 

6. The beak of the retort is introduced below the top o^ 

# the small stool. This is made of wood, and has lead run into 

holes bored through it to present it from floating in tfie # water" 
of the pneumatic trough. The upper part is hollowed out to 
collect ail the gas that is disengaged, which* posses through an 
aperture in the centre to the pneumatip jar placed immediately 
above it. The stool is placed exactly op a lav el with the shelf 
in the pneumatic trou^li, and Inay be taken out, *>r moved up 
and down in either direction, as may be required. 

7. These troughs arc made of wood, copper, or tinned iron, 
the first kind being oil painted, and the latter japanned. They 
may be of any shape or size, and when not accompanied with a 
stool, the shelf is excavated to allow gas to be more easily 
collected. The one I have found most convenient is made of 
wood, and bound together at the corners by plates of brass. 

It is 24 inches long, l2 broad, and 8 inches deep.* The shelf 
is as long as the trough, and fixed to one of the sides about. 
1| inch from the top ; its breadth is 4£ inches ; the stool, the 
top of which is oif a level with the shelf, iS 7 inches long, and 
44 broad ; a small spout is fixed at the upper part of one of the 
ends of the trough, tc* convey away any excess of water Adieu 
the trough becomes too full from the gas displacing the water 
in the pneumatic jars. # # . 

8. h h h are jars filled with water^ in which the gas may be 
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collected as it rises through the aperture in the stool ; when 

Fig. 3 . full they may be placed on the shelf till required, or 
‘removed on a japanned tin tray, Fig. 3, or small plate, 
'this is done by merely placing the tray below the 
jar unfler water, and removing it with the small quantity of 
water it /hay contain, which prevents the escape of the gas. The 
pneumatic jars required for cdllecting the gases are made of 
different sizes ; where a small quantity of materials is employed, 
they may tye from 8 inches in length and 2* in diameter, to 4 
inches in length and in diameter. 

9. Before proceeding farther, the student should make him- 
self familiar with the method of transferring gases from one jar to 
another, operating frequently for this purpose with atmospheric 
air. Holding one jar a inverted perpendicularly in the pueu- 

blg 4 . - 4 matic trough and full of water, he 

should depress another b full of ail* 
** * == in the water, perpendicularly at first, 

, rrjp so that no air may escape, and in- 

/V eline it afterwards, so as to allow the 
/S air to pass slowly into the other, the 

- ETrj back of the hand holding the* jar con- 

gaining the gas to be transferred being 
* towards tile other jar. 

10. The retort is then to be 4 heated' 4 by placing a chauffer 
below it filled with red hot cinders, free 1 ' from any smoking 
pieces of coal ; they burn better if mixed with a few pieces of 
charcoal, and afford a more equal* and powerful heat than** the 
less diffusive^flame of* a lamp. The small chauffers, as they 
are usually made, are seldom properly constructed. The grating 
ought to consist of stout pieces of iron-wire, of a suitable 
thickness, rivetted to an iron-ring supported on feet, and not of 
a thin and fi&t piece of sheet-iron with a few holes cut in the 


centre, as is generally the case, mueh too small to supply a suffi- 
cient quantity of air. A space of about 1 inch at least, should 
intervene between the grating and' the bottom of the chauffer, 
that the fuel may burn freely. The chauffer which I find most 
convenient for general purposes is 6^ inches deep, and 6 in dia- 
meter ; the grating is fixed 1^ inch above the bottom, which 
is supported about the same distance from the ground by feet 
rivetted to it. 



CHAUFFERS. 


O 


11. A chimney is of great use in kindling a chauffer (Juickly, 
and in raising a higher, temperature than the chauffer would 
otherwise afford ; for a chauffer of the size just dqp£ribed, it 


may be from 2 -\ to 3 or 4 feet long, and the pipe about 3 inches 
pig 6 in diameter. Fig. 5. shews the chauffer with the 
chimney on it. Chauffers have usually* wooden 
handles, which often pnrve very inconvenient ; they 
are much better without theT% ; and # witli a pair of 




strong iron pincers. Fig. 6, they may be moved as conveniently 
from place to place as when they are provided with a handfe. A 
pair of tinned pincers of iron, Fig. 7, is required for listing 
the fire ; and a long iron rtfd, bent at the end, for tilling the 
chauffer with cinders from the fire. .Black lead crueibles art 1 
often converted into chauffers, Fig. 8, by tforing holes through 
them with a file, and putting in a grating iTmde of wire ; and 
earthen-ware vessels jyre frequently made for this pifrpose alone. 
All of them are easiiy broken, however, and tin? beginner will 
almost invariably find well made chauffers of sheet-iron much 
more useful. A bright tin-plate must* be placed between the 
chauffer and the table to proteef it from the heat, and another 
between the trough and the chauffer for the sayic purpose ; a 
rough tin-plate that has lost all its lustre will not do, as it ab- 
sorbs instead of reflecting all the rays of heat that fall upon it 
12. The gas disengaged by *the action of sulphuric acid on 
the binoxide of manganese must be examined at the commence- 
ment of the process, collecting a little for this purpose from 
Fig. 9. time to time in smalj glass jars inverted and full of water 
f| on the shelf of the pneumatic trough. The thumb is 
placed on the mouth of one of these jars (which need not 
rt be above an inf*li or two long) when full, and admail wax- 
^ taper, suspended by a wire (Fig. 0), or a splinter of wood, 
is introduced after tke flame has .been blown out, hut while the 
wiek is still red If it be immediately extinguished, this arises 
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from the presence of carbonic acid ; but if it burn brighter, and 
Fig. 10 . is rekindled into a flame, then the oxygen may be col- 
-'I leered ; for though it may still be mixed with a little car- 
bonic acid, it will be found ’sufficiently pure for ordinary 
purposes. Fig. 10. represents a convenient mode of sus- 
pending a piece of cotton wick,' previously dipped in 
1 melted tallow/feuch a.i is much used in experiments illus- 
I trative of the general properties of oxygen. Iron, cop- 
per, or brass wire, may be used for this purpose. 

13. The bin oxide is often mixed with carbonate of lime; part 
of tlie sulphuric acid then unites with the lime, and thus car- 
bonic acid is at first disengaged. To prevent this, it is ad- 
visable to wasli tlie manganese after it has been reduced to 
powder with one partpf hydrochloric » acid diluted with eighteen 
•of water. The ffeid •combines wfth the lime and forms hydro- 
chlorate of lime, which is removed by mixing it two or three 
^mes with water in a jar, decanting it after the powder shall 
Jiavo subsided. The carbonic acid is disengaged with efferves- 
cence. It is then dried by spreading it out oil a plate and ex- 
posing it to the air, or a gentle heat before the fire. 

* 14. Retorts made of the light, green bottle-glass, or of any 
other glass free fi'orn lead, are the best for this process, as they 
are not so r apt to be softened f by the temperat ure necessary for 
the expulsiorf of the oxygen as those made of flint-glass ; the 
large quantity of the oxide of lead which the latter contains 
renders it much more 4 fusible than any of the other kinds of 
glass. In conducting this process, care must be taken to keep 
the fire as steady and equal as possible. The tubulated retort 
must be taken from the pneumatic trougli when no more gas is 
disengaged, < x o prevent the water from passing back into it, or 
the stopple may be remeved, which will have the same effect. 
If the retort has been exposed to a high temperature, and the 
mass inside appear quite hard and solid, the chauffer must not 
be suddenly withdrawn, as the cold air playing upon the exter- 
nal surface of the glass, while the internal surface is kept hot 
by the heated matter within, is very liable to break it. 

15. When the retort is cold, water is' poured in, and it is 
allowed to stand for some hours before the residuum is washed 
out, and, in this manner, by repeated washings the dense mass 
is at last removed. 
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16 When a large quantity of oxygen gas is required, it is 
usually prepared from the* binoxide of manganese by exposing 
it to a red heat in an iron-bottle, placed in a furnace or open fire. 

The most convenient method of conducting the process, is 
pig n to connect with a bottle (A) coiftaining 

*the manganese, as represented in Fig. 
11., a ben # t tube e , made of a gun-barrel or 
•gas-pipe, and pre\jously accurately fitted 
to the neck of the bottle by grinding. It 
is then put into the furnace, so that it 
stall rest upon a piece of brick or stone 
a, *placed immediately above the grate, 
and from one to two inches thick. The 
connection between the iron-bottle and 
the befit tube is nmde perfectly air-ti§ht 
by drawing the finger round the end of 
it with a little clay before it is ihtro* 
duced, and giving it a slight blow after- 
wards with a hammer. Wlfen the apparatus is properly ad- 
justed, the furnace is filled with red hot cinders till they reach 
the neck of the bottle, and the cover put*on, consisting of a 
flattened cylinder of baked fire-clay, bound round with an iron- 
hoop, and with ^n opening at olfe of the sities for the passage 
of the iron- tube. The door ( d ) of the ash-pit is at the same time 
opened, that the air may enter freely. 

The manganese must not be reduced to powder, as it is 
then very apt to be thrown from* the iron-bottle into the bent 
tube, but merely broken into pieces of such a siz^ as may allow 
it to be easily introduced. 

The gun-barrel ( e ) is kept cool by wrapping round it a 
Fig. I 2 . . * • piece of wet cloth, on 

which a little water is 
poured whenever it be- 
gins to be dry. In Fig. 
12 *t is represented on a 
larger scale, 5 is the cover 
of thin cotton clotfi,lead- 
mg the water from the 
cistern f 9 which drops off 
at 0 , and keeps it cool ; 
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c is the stopcock by which the gas is conveyed to the gas- 
holder, and b another stopcock, opened occasionally to allow 
any wafer to escape that may condense within the barrel. 

18 The furnace represented in* the above figure was invented 
by Dr Hlack. and is extremely well adapted for a great variety 
of chenAcal operations. It consists of a case of strong sheet- 
iron lined with some very refractory clay (56), the luting in- 
creasing gradually ir^ thickness from the top of the furnace to 
the roof of the ash-pit. f The grate is fixed to the iron-plate, 
which supports the lute, and forms the top of the ash-pit, which 
^has a door for the free admission of. air, and a series of aper- 
tures with iron plilgs to regulate the quantity of air admitted 
when the door is shut, and a steady and determinate heat re- 
quired. The smoke is carried away* by the pipe f, and may be 
• conveyed 1° an distance bv connecting several other pipes of 
the same kind with it. Thu last piece may be fixed into an 
•opening in the wall communicating with the vent, or made to 
jiass a f^w feet up the chimney over the common fire, if the 
V ’,ir R . usual conveniences of a laboratory cannot he pro- 
q <>’ cured. Whqn more fuel is required, it may be intro- 
duced after removing the lid //, at the top of the fur- 
nace, Vithout displacing any part of the apparatus. 

* Figs. 1*3. and 14. Represent )Jie form of the poker 

_ ^ and shovel constantly required in using a furnace of 

this construction. 

ID. The quality of the gas must be ascertained from time to 
time at the commencement of the process, by attaching a flexible 
leaden or tiife tube to the bent iron-tube, connected with tin* 
bottle, as is seen in Fig. 11. The gas issuing from it is col- 
lected in a filial l glass-jar full of water, inverted in a basin or 
pneumatic trough, also filled with water, and examined in the 
manner described in 12, page 5. 

„ 20. The first portions of gas that are disengaged must be 
rejected, consisting principally of atmospheric air and carbonic 
acid, the latter arising from the decomposition of some carbo- 
nate of lime, Avith which the binoxide of manganese is frequently 
contaminated, and which parts with its varbonic acid on expo- 
sure to heat. 

'The quantity of carbonic _acid disengaged varies according 
to the quality of manganese The binoxide is seldom in such a 
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Fig. 15. 


state of purity as to afford nothing but oxygen gas from the 
commencement of the process. 

Occasionally I have seen an inflammable gas disengaged at 
the commencement of the*process, probably from tha presence 
of some woody fibre^ as it had a great resemblance to the gas 
that arises from wood, when it # is exposed to heat in close vessels. 

21. To collect the gas, large* vessels capable of containing 
several cubic feet of gas*, and termed gasholders, are usually 
employed These vessels are ma<k> of sheet copper, japanned 
both externally and infernally, or some- 
* tint's the bottom alone is made of cop- 
*per, and the sides and top of tin. The 
annexed figure represents Mr Pepys’ 1 
ghsh older* the jnost convenient form of 
this apparatus hitherto* contrived. A is 
the body of the gasholder, intended to 
contain the gas ; 11 a trough supported 
on three pillars, resting ffn# A ; <5 a 
flexible tube conveying gas through an 
aperture thafr permits the watfr to escape 
as it enters ; b a stopcock connected 
with a flexible tube, through which the 
gas yiay he propelled after it has been 
collected; c another stopcock connected with "a tube open at 
both ends, and passing between A and B, through which the 
gys may be made to pass when h is shut into a jar full of water 
placed in the trough B. A tube (a) open at both ends passes 
through one of the pillars supporting B, and* is continued to 
the bottom of A; dd is a glass-tube open at both ends, and ce- 
mented into the upper and lower part of A, to indicate the 
quantity of gas collected, the fluid ’fti the tube [icing always at 
the same level with the fluid in A. When the gasholder is to 
be used, the aperture at c is closed by a plug made to sefew 
upon it, and water being poured into B, rj, passes down through 
a into the body of the gasholder, the atmospheric air being 
forced through b (which is also opened) as the water ris^s in A. 
All the stopcocks afe shut when the gasholder is full of water, 
and the plug which closes the aperture at c being unscrewed, 
the tube which confers the ga» may he introduced, which will 
rise through the water as represented in the figure, while the 




10 


PREPARATION OF OXYGEN GAS 


latter. flows out in a continued stream as long as any gas enters. 
Great care^must be taken not to open any of the stop-cocks while 
the plug at r 6* is unscrewed, as the water would then be forced 
out with, great violence by the presf?ure of the atmosphere, and 
'the gasholder filled with atmospheric air in a few seconds. 
When the gasholder is full, th^ tube c is withdrawn, and the 
plug screwed on ; the r ' trough B is then filled with water, and 
on opening the stop-corft in the tube, a, the water descends and 
presses upon 'the gas; but none escapes, unless the stop-cocks 
at b or e are opened, through either of which it may be propelled 
by opening the one and shutting the other. 

22. Instead of a flexible leaden or tin tube, the gas is fre- 


Fig. 16 . quently conveyed from the gun-barrel to the 

c ^^O===i — ^gasopieter by two pieces of brass-tube, joined 
* together by a moveable circular joint, as is 
seen in Fig. 16. 

The heat of the furnace is regulated by the quantity of 


ail 1 admitted through the plug-holes. When the door is shut, 
the tube connected with the bottle must not be left in the 


water after the gas has ceased to come, or when the fire is al- 
lowed to decline, otherwise water would be forced through it 
into the iron-bottle u by the pressure of the atmosphere, the 
heated gas still remainiilg there , diminishing in volume as it 
cools. 


24. Such is the most convenient method of preparing and 
collecting a large quantity of this gas, when a suitable appara- 
tus can be obtained. On a smaller scale, a bottle made of mal- 
leable iron, capable of containing 2 or 3 ounces of the bin- 
oxide of manganese, may be employed, a small bent iron- 
Fig. 17 . tube, about 18 or 21 inches long, being aceu- 
^ irately ground to it and lutod'as described in 16. 

The accompanying figure represents this appa- 
‘ ratus, the iron-tube being put through an aper- 

ture in the chimney of a chauffer, which is then 
placed upon the chauffer, and a mixture of coke 
k. and charcoal already kindled introduced by the 
top of the chimney. Should a bottle somewhat 
larger be preferred, it may be heated bv a fur- 
" nace with an aperture at $he side, sufficiently 
wide to allow it to be easily introduced, or in the open fire, 
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by placing it so as to be exposed to a retreat. ' The extremity 
of the tube may be made to dip under the shelf of, the pneu- 
matic trough, without any intervening leaden tube. The gas 
may be collected in glass-^ars, or preserved for use* in com- 
mon green glass-bottles with ground stopples, which are to be 
well dried, and the finger drajvn round them with a little gas- 
lute, before they are introduced. * 

25. To understand thejtlieory of tht* preparation of oxygen 
gas from this substance, the composition of tlflree oxides of 
manganese must be kept in view, and the following is perhaps 
the most probable view of their atomic constitution 

Oxido =. Manganese 27-7 4- H Oxygen = 35.7 = . Mn 

Binoxide = Manganese 27-7 + 16 Oxygen =43.7= :Mn 

Terdinoxide = Oxide } 35.7 + 43.7 Binoxide = 79*4 = -Mn 2 # 

When the oxygen gas is prepared from the binoxide by ex- 

posing it to a red heat, every 87.4 parts (two equivalents,) give 
8 parts of oxygen and 79.4 parts of the terdinoxide remain, tfie 
decomposition taking place which is expressed in th» diagram. 

Fig. 10. 

Before decomposition. After '{(competition. 

,m„ = », n~>* { far ~ ** * ° 

:Mn - 43.7 Binoxide, 43.7 TTTmrtrr— 79^4 T. nlinoxido = ;Mn' 

CSymb. 2 : Mil*-. O &, • Mil** 

r f • 

20. As every cubic inch of oxygen gas at a mean temperature 
and pressure weighs one-third of a grain within a very trifling 
fraction, and as every 87.4 parts of th£ b inoxide of manganese 
by* weight yield 8 of oxygen at*a red heat, or every 11 grains 
give 1 grain, we have only r to multiply by' 3 the* weight of the 
oxygen expressed in grains which any quantity of the binoxide 
can aiford (1-llth of its own weight), and the quotient gives 
the number of cubic # inehes which it will occupy in the gase- 
ous state. 

27. Again, 49.1 parts of aqueous sulphuric acid contain 40.1 
of dry acid, and when mixed with the binoxide of manganese, 
every 43.7 parts £*ive 8 parts of oxygen, sulphate of manganese 
being left in the retort in the proportion represented in the 
following diagram :-»• 

Fig. 19 . 

Before, decomposition. After decomposition. 

: Mn - 43.7 Binoxide, { Qxufe ” 3fi.7^L ' f 7&8 X ^ulphate° of Man- 

: g * 40.1 Sulphuric Acid, .. .. 40.1 ~ — — ( ganesa — • 6 *Mn 

Symb. !S&:Mn ; O* ;S-Mn * , 
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28. Oxygen gas m^y be procured with great facility from 
the binoxide of mercury , every 219 parts consisting of 203 of 
mercury (one equivalent), and 16 (two equivalents) of oxy- 
gen. Iij this case the whole of thfc oxygen is expelled on ex- 

* posing thp oxide to heat ; and as the mercury is at the same 
time volatilized, no part of th t e apparatus should be made of 
brass, copper, lead, or* of any other metallic substance which 
might be acted on by t&is metal. 

29. The binoxide is heated in a small green glass-retort by a 
good chauffer or powerful lamp, the beak of the retort being 
placed below the shelf of the pneupiatic trough ; a retort made 
of flint-glass is generally softened hi r the heat necessary for 
the expulsion of the oxygen, and cannot therefore be used. 
Occasionally an iron retort "is employed, Fig. 17, page 10, or 
the body of thb retort may be made of a piece of a gun-barrel. 
A glqss tube is sometimes fixed to the end of the iron tube, in 
order that we may perceive if the water should begin to go 
Imck in, f o- the retort after the process has been carried on for 
some time, when it must be immediately withdrawn. The 

form of this apparatus is represented in the 
annexed figure, the heat being applied by a 
chauffer into which red hot cinders and ehar- 

• c 

coal are put, iffter thp retort has been pro- 
perly adjusted. ( 

30. If a considerable quantity of the binoxide of mercury 
has been used, the mercury that is distilled over ought tq be 
kept, as it is extremely pure. 

31. Should It be required to sliew r the deep colour it assumes 
before it is decomposed, and collect the mercury volatilized dur- 
ing its decomposition, an apparatus similar to the annexed will 

Fig. si. be found convenient. 

The mixture is put 
into the retort «, the 
mercury is obtained 
in the receiver b , and 
the oxygen is collect- 
ed in the usual man- 
ner. This figure 
shews the usual const rue! tiefri of the pttate glass pneumatic 
trough, the plate of glass being cemented into a strong brass 
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frame. Instead of a stool, a moveable shell' is suspended from 
the sides.* * 

32. The nitrate of potassa is another substance fJfiat is fre- 
quently employed for the , preparation of oxygen, when it is 
not wanted particularly pure. It may be exposed to a red heat’ 
in any of the kinds of apparatus previously described, with the 
exception of the glass- retorts. * The figure represents another 

Fig. ^ form of the tube retort^ that ^frequently used. 

Nitre consists of nitric acid and.potassa. and 
when exposed to heat it is in • the first place 
melted, and afterwards oxygen gas is evolved, 
which .arises from the decomposition of the 
nitric acid. The latter consists of oxygen and 
nitrogen* Part of the oxygen is expelled s and 
nitrous acid remains in ttnitfh with the potassa. 
The first portion of oxygen which escapes is comparatively 
pure, but afterwards it is loaded with nitrogen and various gh- 
seous compounds of nitrogen and oxygen. , ? 

If the heat be too great dr continued too long, the whole of 
the nitrous, acid is decomposed, anc^ a large quantity of gases 
is evo>ved, consisting of oxygen, nitrogeft, nitrous and nitric 
oxides. • * 

33. When n^tre is used for the preparation of "oxygen, the 

vessel in which it is contained should never be filled more than 
a third full, for vflien oxygen escapes from the melted nitre, 
the whole is thrown into a state of ebilllition, and, were a larger 
quantity used, part would probhbly be thrown into the tube 
which conveys away the gas, and being imm^iliately consoli- 
dated there (as it is at a much lower temperature than the 
melted nitre), would not only prevent the farther escape of 
gas, but might give rise to serious accidents from the accumu- 
lation of gas pent up in the interior of the vessel, and exerting 
a strong expansive force. * . • 

34. Oxygen gas is always prepared # from the chlorate of 
potassa when it *is required in a high state of purity, and is 
obtained from this substance by exposing it to heat in jtn iron 
or green glass-retort, and collecting it in the usual manner. 
A small green glass-flask with a long stem is occasionally 

The figure represents the form of apparatus used by Mitscherlich. 
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employed, the stem being bent near the ball of the flask by the 
blowpipe, after the chlorate has been introduced. An iron or 
gun-metal* retort may be employed instead of the tube-retort. 
It is supported by a retort-stand, tjie body of the retort being 
•allowed to rest on red hot cinders in a chauffer, and surrounded 
with morS if necessary, using the tin pincers for this purpose. 
Fig. 7, page 5. • • * 

35. As the chlorate yf potassa is melted by the heat before 
it parts witli any oxygen, the precautions mentioned with re- 
spect to nitre in 33 must be carefully attended to. 

36. Chlorate of potassa containing more than a third of its 
weight of oxygen, all of which is* expelled by heat, affords a 
much larger quantity of this gas than any of •the preceding sub- 
stances. Every 122.7 parts {one eq.^ponsist of 75.5 parts (one 
eq.) of chlprie acid, ancf 47 2 parts # (one cq.) of potassa. The 
following table shews the composition of these two substances, 
afld tlie quantity of oxygen evolved wlpm 122.7 parts of the 
chlorate aye exposed to heat. 

* 

Fig. 23. 

: :C1 = 75- Chloric Acid *= Oxygen 40 -j- 35.5 Chlorine « = O* + Cl. 
tK as 47.2 Potassa 1 = Oxygen 8 + 39.2 Potassium = O' + K. 


122.7 Chlcrate of Ptdahsa^ Oxyg?n 48 74.7 Chloride of Potassium. 

Svinb. * : :C1 K =.O fi & Cl K. 

« • 


All the oxygen (48 parts) comes away botli from the chloric 
acid and potassa, the chlorine of the acid remaining in com- 
bination with the potassium 6f the potassa, and forming 74.7 
parts of the chloride of potassium. The latter remains in the 
retort, and may be removed by water, which speedily dissolves 
it. • 


Fig. 24. . t 



37. •Oxygen gas nr^y be easily prepared 
in a small quantity from the binoxide of 
mercury, or chlorate of potassa, by merely 
heating a few gyains in a glass tube, the 
flame of a spirit lamp playing freely round 
it, as in the annexed figure (24). It may 
be supported by a coAl or piece of paper 
twisted round it. 

38. If a splinter of ivood red hot at the 
extremity be introduced into it, it burns 
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with a lively flame ; and if it be allowed to fairinto the 
melted chlorate of potassa, a brisk deflagration takes 
place within the tube, in the manner shewn jri fig. 25. 

39. There are several other substances, of a similar 

nature, from which oxygen gas may be procured, but 
they are seldtftn employed for this purpose. Small quan- 
tities may be obtained ’also when the green leaves of 
vegetables are, immersed in an inverted jar full of water, 
and placed in the sunshine. , • 

40. Oxygen gas, in its pure state, is not applied to any 
practical purpose on the large scale ; it is used constantly, 
however, in the .laboratory for a number of important 
and interesting experiments ; it will accordingly save 
much time and trcyble on commencing a series of expe- 
riments, if a large quantity be prepared* in the manner 

described in 16, &c. 

41. Flexible tubes are required for conducting the gas frofn 
the gasholder to the pneumatic trough. These shosdtj not be 
made of lead or tin, as tiley are never required to stand a 
high temperature, but merely for tly? transmission sf the gas 
after it has been prepared. They are in general made of a ceil 
of wire surrounded with several folds of varnished silk, one 
end being fitted to the stop-cbek of the* gasometer, and the 
other phiced in the pneumatic trough, or coifnected with a 
second flexible tube, if the first should not be sufficiently long.* 

42. In effecting combinations between oxygen and other sub- 
stances, the compounds usually ^employed to afford it are at- 
mospheric air, water, and acids. Bodies in general require to 
be heated before they combine with oxygen. Some, however, 
as potassium, abstract it rapidly both from air* and water at 
natural temperatures. 

43. By the conjoined action of air and moisture, many sub- 

stances are readily oxidatbd. Iron, for example, soon passes 
into rust, and the sulphate of iron or greeji vitriol of commerce 
is prepared from’the native sulphuret of iron in this manner, 
the sulphur being converted into sulphuric acid while t^e iron 
is oxidated. * 


Fig. 25 . 

I 



* These flexible tub*S& may be prouuriAl^ at the principal opticians and 
philosophical instrument makers in town. 
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44. A dumber of the metals attract oxygen from water at a red 

heat. At ordinary temperatures, the oxidation goes on briskly 
if some acnl.be added, as the sulphuric or hydrochloric, while the 
hydrogen (the other element of which water is composed) is dis- 
engaged. It is in this manner that hydrogen gas is usually pro- 
cured. * • 

45. When acids containingendch oxygen are poured in a con- 

centrated form oil subsjanees that have a great affinity for this 
element, as vietals and inflammable* bodies, oxygen is rapidh 
taken from them, especially if the action of the decomposing 
agent be assisted by heat. Thus, mercury poured into nitric 
acid is speedily oxidhted, and if bbile/1 in sulphuric acid the 
same thing takes place. In both cases, however, the oxide 
fornjed by the decomposition* of one portion of the acid unites 
with another p«rtiS>n tfiat has nof been decomposed, and the 
resulting products are a nitrate and a sulphate of the oxide of 
utercury. r 

.46. \yiv*n oxygen is to be withdrawn from any substance 
which does not part with it on exposure to heat, it is usually 
mixed with charcoal, whicjli, at a high temperature,, lias a much 
greater affinity for oxygen than most other substances. It is in 
this manner that lftost of .the common metallic oxides are de- 
oxidated, anil their *bases procured in the metallic form ; the 
carbon combining with the oxygen, and being carried off in tin* 
form of carbonic oxide or carbonic acid gas. * Hydrogen, Phos- 
phorus, and Potassium afire also used as deoxidating agents. 


CHAP. II.— HYDROGEN. 

t 

JSyrnb. H ; Eg. by W. I ,■ Jjy volume □ (one measure.) Sp. gr. 

0.0689. aV. of 100 c. i. 2.187 grs. I(f0 c. 1. of water absorb 

•1.56 of Hydrogen. t • 

47. Hydrogen is another element* that is extensively distri- 
buted over the face of nature, forming a ninth part, of the water 
of the globe, and existing in almost all the products of the ani- 
mal and vegetable kingdom. It is always obtained in the form 
of a transparent and colourless gas, wheji not combined with 
any other substance, and is distinguished by its great levity and 
inflammability. 
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48. Hydrogen gas is always prepared for experimental pur- 
poses by decomposing water, a compound of hydrogen and 
oxygen ; the oxygen being withdrawn by the action of some 
substance which has a great attraction for it. Iron > and zinc 
are usually employed for tliis'purpose, and the most convenient, 
method of conducting the process is to put the iron or zinc 
into a glass retort supported on, a stand in the manner repre- 
sented in Fig. 2, or into a glass flaSk of the form shewn in the 

Fig. 26 . annexed figure, a cork be ng fitted to the neck, 
through which a bent glass or leaden tube* 
passes, intended to convey the 'gas as it is 
evolved into a gasometer, or to dip under the 
shelf of the pneumatic trough. When the ap- 
paratus is properly adjusted, sulphuric acid 
diluted wit'A 6 or 7 par^s of water is poured 
, over the metal through the tubulurc at the °sidfe, and as hy- 
drogen gas is immediately evolved, the stopple must be intro- 
duced and the gas collected when the atmospheric air has been 
expelled. A common phial or beer bottle, with a l:«ivt tube 
adapted to it, may be used when no other apparatus can be 
procured. 

49. Instead of the glass tube passing through a cork placed 

in the neck of the flask, it is often riiade thicker at the part 
where it is connected vuth the flask, anfi ground to if accurately 
in the same manner as a stopple. The flask is supported ori a 
ring made of tin or copper. Fig. 27, or on F,g * * 7 - 
a square block of wood with a hole cut in 
the centre, as is seen in Fig. 28. CZ2 

50. Any glass bottle may be used as a substi"’ 
tute for a flask in the preparation of hydrogen gas ; 
a bent tube being adapted to it in the manner'' 
shewn in Fig. 29. Or the large scale, vessels of 
lead or beer barrels are generally used. 

51. The vessel in which the hydrogen gas is 
prepared ought never to be filled more than a third 
full, as it is frequently disengaged so rapidly as to cause the 
liquid to boil over. The rapidity with which the gas comes 
over depends not only on the quantity of the materials em- 
ployed, but also on the state of division of the metal, and the 
extent of surface whifch it presents to the water and the acid. 

B 




Fig. 29. 
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The quantity of sulphuric acid required for the preparation 
of hydrogen gas depends upon the nature of the metal employ- 
ed. The following diagram shews the proportions in which 
the materials react with each other when zinc is used. 

Fig.au. 

QAateriaU employed. limiting products. 

.it _ 9 w. ltor f Hydrogen 1 1 Hydrogen = H. 

u _ u w J*ir j 0xygto u j 

Z = 32.3 Zinc, 32.3^^^ 

:S =40.1 Sulphuric acid? 40.1 80.4 'Sulphate of Zinc = *S*Z. # 

* Symb. % & \ 8 + H = : 8 -Z & II. 

9 

The 8 parts of oxygen contained in .the 9 parts of water com- 
bine with the 32.3 of zinc, and form 40.3 parts of the oxide of 
zinc. This unites with the sulphuric acid,' while the hydrogen 
of 9 the water is disengaged! But tfce sulphuric acid must he 
mixed with moreSvafeer than is decomposed during the prepara- l 
tion of the gas, otherwise little or no action takes place ; for 
the sulphate of zinc produced must have a sufficient quantity 
of wat^r^to retain it in solution, that it may not he thrown 
down in the form of a powder, and impede the farther action 
of the metal upon the liquid. And, as every 49.1* parts of the* 
common sulphuric acid contain only 9 of water, we may use by 
weight, 7 parts of zifec, 10 of sulphuric acid, and 60 of water. 

52. Wlidii iron is ustAl, the*sajne quantity <rf sulphuric acid 
and water nnty be mixed with 6 parts of^this metal. The 
theory of the process is precisely similar to what has just been 
stated with respect to the preparation of hydrogen by zinc, # the 
iron being oxidated and uniting with the sulphuric acid, while 
the hydrogen arising from the decomposition of the water w hich 
affords oxygen to the iron is disengaged, 28 parts of iron (one 
equivalent) acting upon 9 parts of water and 40.1 of sulphuric 
acid in the same manner ns 32.$ of zinc. «, Symb. Fe & : S+'H = 

: S-Fe & H. 

<53. Accordingly, in. calculating the quantity of hydrogen 
gas disengaged by tl\e action of a giyen weight of zinc or iron, 
w 7 e may allow 7 1 grain of gas for every 32.3 grains of zinc (or 
28 of ( iron) employed ; and, as 47 cubic inches weigh very 
nearly 1 grain, if we multiply the weight bf the hydrogen that 
ought to be disengaged (expressed in grains) by 47, we have 
the volume which it w 7 ill occupy in the gaScous state expressed 
in cubic inches. 
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54. As hydrogen gas detonates violently when mixed with 

atmospheric air or oxygen gas in certain proportions, a' lighted 
match must never be applied to it as it issues from any appa- 
ratus where it may have mixed with either of these gases. 
This must be carefully attended to in preparing it by the pro- 
cess just described, serious accidents frequently taking place 
from not observing this precaution, the iianie being communi- 
cated through the tube to the mixed gases in the interior of 
the apparatus, upon which an explosion -takes place. The best 
method of ascertaining when the atmospheric air has been ex- 
pelled, is to collect a small jar of the gas over a pneumatic 
trough, remove it on a plate or tray, keeping the mouth still 
downwards, and apply a lighted match to the gas as the 
tray is withdrawn, still keeping the jar in the same posi- 
tion. If it be mixed with atmospheric air it will burn rapidly, 
but if the air shall have been completely eXpedled, ,the hydro- 
gen will burn slowly, and only where it comes in contact with 
the air. ' 

55. When iron is employed for the preparation ot\ hydrogen 
gas, it may be used in the'* form of turnings or filings. Small 
nails are occasionally substituted for them, or iror, wire cut 
into pieces from 1 to 3 inches long. ZincV is easily reduced Jo 
fragments by melting it in a crucible or iroil ladle over the fire, 
and pouring it from r. height oi* several feet into a ’basin of wa- 
ter. If the zinc be poured into water as soon as it is melted, 
small solid spherules are obtained, which dissolve slowly and 
steadily in the diluted acid. But if the zinc be heated beyond 
its melting point before allowihg it to fall into the water, it 
spreads into thin laminae, which dissolve more speedily from the 
greater extent of surface which they present. 

56. Another method of preparing hydrogen consists in pass- 
ing watery vapour o* T er bright iron wire or turnings heated to 
redness. These are put into an iron tube or gun-barrel about 
18 inches or 2 feet long, 1 open at both ends, and made to tra- 
verse a furnace.^ A retort containing water is attached to the 
gun-barrel, covering the beak with a roll of cotton-cloth on 
which chalk lute has been spread, and securing the joint after- 
wards in the same riianner. A bent brass or copper tube with 
an iron head, fitted by grinding to the other end of the gun- 
barrel, is then adapted to it fo as to convey away the gas. 
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Instead of a furnace, a chauffer may he employed when the 
process fs conducted on a small scale, in the manner shewn in 
Fig. 31. Fig. 31. A chimney (page 5, par. 

r l”i I 11) will assist materially in keep- 

ing up the proper temperature ; ajid 
tzt&’o a * C ' ^ le chauffer may be raised to any 
^ Vi height by supporting it on bricks. 

57. When the gun-barrel is at a red heat, the water in the 
retort is made fo boil, /uid the stearp passing over the iron at 
this high temperature is immediately decomposed, the hydro- 
gen escaping in* the gaseous state and passing through the bent 
tube, while the oxygen combines with the iron. Nine parts of 
water require 28 of iron for decomposition, 36 parts of oxide of 
iron being formed, while 1 of hydrogen is evolved. 

5§. Instead of connecting a retort containing water with one 
of the ends of 'the gtfn-barrel, it may be bent in the manner 
Fig. 3a. shewn in the annexed figure, a funnel made of cop- 

'* ^ per or tinned iron, and terminating in a stopcock, 
m ^ being afterwards fixed to it. Water is poured into 
the funnel, and when the gun-barrel is at a red heat, 
n — \J the stopcock is opened and immediately shut again ; 

a small portion of tKe water is thus allowed to run down into 
the gun-barrel, and being Converted into vapour by the heat, 
is immediately forced ovdr the'irqn shavings aixl decomposed. 
This is repeated until a sufficient quantity of gas is obtained. 
The water must be allowed to pass into the tube only in small 
quantities at a time, otherwise the temperature of the turnings 
may be so much reduced that 1 the watery vapour passes over 
them without bviing decomposed. 

59 Fig. 33 is a variety of this apparatus, p,<? * 33 * 
consisting of a cast-iron tube with a funnel X7 

at one end, and leaden tube at the other, . Jj* 

both of which can be removed when the iron 
in the apparatus is to he. renewed. 

In using this apparatus it ought not to be ^ 

exposed to a very high temperature, as a red heat is quite suf- 
ficient for the purpose, and all kinds of iron tubes are soon de- 
stroyed when exposed to the action of the*" air at a high tem- 
perature ; the gun-barrel should not be left till the fire has 
burnt away, but withdrawn from the furn&ce when the bent 
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tube which conveys the gas to the pneumatic trough has been 
removed. 

60. When hydrogen gas is prepared by this process on the 
large scale, the iron turnings are generally put into a very large 
iron retort, such as is used at gas-works, and the vapour of wa- 
ter passed over them/ 

61. Hydrogen gas is occasionally collected in a gasometer of 
a different construction from the gasholder described in 21. It 
consists of a vessel of japanned tinned iron, Fig. ^4, A A, sup- 


Fig. 34. 



ported on feet, and filled with water. 
In it another vessel C, made of the 
same' substance, is placed in an inverted 
position. To diminish the quantity of 
winter required for this apparatus, the 
interior of the outer vessel is filled up 
in a great measure by an inner vessel 
BB, from the top of which a 'tub*, 
passes to the bottom, and divides into 
two branches which open on opposite 
sides of the oyter vessel, as is^seen at e 
and f When the gasometer is to h# 


tilled, a tube conveying the gas is fixed at and the bell-shaped 


vessel C rises up, as it enters, being suspended by cords passing 
over pulleys, and counterpoised by weights. The *rod <7 attached 


to the bell-sliaped vessel being accurately graduated, the quan- 
tity of gas the gasometer may at any time contain is found out by 
examining the point at which the rod is cut by a bar through 


which it is made to pass. 


62. Instead of connecting the tube which conveys the gas di ■ 


Fig. 36. 



reetly with the gasometer it is some- 
times more convenient to introduce it 
under a funnel, Fig. 35, placed in a basin 
and screwed on at f 9 the gas rising in the 
funnel and passing into the gasometer, 
the water being put into tlyj basin to 


prevent it from escaping. 


The gas in the interior may be expelled by shutting the 


stopcock at /, and opening the stopcock 0 , the counterpoising 
weights being at the Fame time remoyed ; the bell-shaped vessel 
descending by its own weight forces the gas out at e. 
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63. Fig. 36 represents a very convenient apparatus for pre- 
paring a small quantity of hydrogen whenever it may be re- 
quired. It is a bottle with three tubulures, a long 
tube funnel being fixed into one, and descending 
till it comes within an inch and a half of the bot- 
tom, and a bent tube adapted to one of the others. 
Fragments of'#inc and water are put in by the 
nyddle tubulure, till the fluid shall have risen about 
half an inch ^bove the low er end of the tube fun- 
nel ; the cork or stopple is then put in, and on 
pouring sulphuric acid down the long tube funnel, 
it mixes with the water, hydrogen gas is imme- 
diately disengaged, and may be conveyed in any direction bv 

the. bent tube fixed in the tubulure. The diluted acid is forced 
* (, 

up the long tube Yunnel to a height, proportional to the depth 
that the bent tube is introduced into water. If the bent tube 
Were sunk to a considerable depth in water, and the tube fun- 
nel made very short, then the gas might have to overcome a 
greater resistance in rising through this depth of water than in 
forcing the liquid in the pottle up to the top of the tube funnel ; , 
it would accordinglf continue to flow over till the liquid in the 
bottle should fall below the lower part of this tube, and allow 
all the gas f co escape. * c 

64. If small quantities of sulphuric acid be poured into this 
apparatus from time to time after putting m a supply of zinc 
and water, a constant stream of hydrogen gas may be made to 
issue from the bent tube ; and it fs in this manner that hydro- 
gen gas is usually prepared, when it is required to transmit it 
over any substance exposed to a red heat in a gun-barrel or 
porcelain tube. 

65. The gas obtained by theSe different processes is not ab- 
solutely pure, having a disagreeable odour when disengaged 
during the solution of iron in diluted sulphuric acid, and con- 
taining minute traces of hydrosulphuric acid when ziac is used. 
The odou^is attributed to the presence of a little carburetted 
hydrogen, derived from oil attached to the iron turnings, or form- 
ed by the uhion of part of the carbon, which common iron al- 
ways contains, with a little hydrogen. The zinc of commerce 
always contains a portion L of iron and sutphuf, which explains 
the formation of the small portion of hydrosulphuric acid ; and 
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a part of the zinc also, it has been affirmed, combines wijth the 
gas. By passing it through a solution of potassa or lime water, 
most of the impurities may be removed, with the exception of 
a small portion of carburctted hydrogen, which has*been de- 
tected in hydrogen gas prepared by iron. 3 

66. Zinc that has been frequently distilled is preferred for 
the preparation of hydrogen gas when it i^ required in a very 
high state of purity for experimental researches, but it dissolves 
ye ry slowly. The rapid solution of comihon zinfc is attributed 
to an electric action induced by the fninute portioris of other 
metals which it contains. — (Arago.) 

67. Hydrogen gas burns with a very paU\ fi * 37 . 

reddish looking flame, which affords a very 
feeble light. To observe the character of 
the flame, apply a lighted niatsh to a jar con- 
taining the gas, so that it shall burn with tfie 
mouth downwards; the hydrogen is slowly 
consumed as it comes in contact with the 
atmospheric air. c , 

68. If a candle be tied to a piece of iron-wire bent at right 
angles, and introduced, when lighted, into a. jar of hydrogen gas 
held with the mouth downwards, the hydrogeji is inflamed and* 
continues to burn at the mouth of the jar, 'yliile thf candle is 
extinguished in the interior of the jar where it is surrounded by 
the hydrogen. This proves that the presence of air or oxygen 
in some form or other is necessary for i£s combustion, the gas 
burning only where it comes in pontact with the air, and the 
hydrogen, from its great levity, occupying the upper part of 
the jar till it is all consumed. See Fig. 37. 

69. Inflame another jar of hydrogen gas with the mouth turned 
upwards, taking care not to remove the cover till The light has 
been brought over the' top of the jar;’ it burns nyich more ra- 
pidly than before, rising qujckly in the air, and mixing speedily 
with as giuch as may be, required for its combustion. If thfe 
cover be removed.for a short time before the light be applied, 
the gas soon escapes, and the jar is filled with common air. 

70. Hold two jars perpendicularly, one being full of air, and 
the other full of hydrogen gas. Then place the jar with the 
hydrogen under the other as in Fig. 38. It escapes into the upper 
jar, where it may be afterwards inflamed. The experimenter 
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need ,not expert to succeed if the air be Fig. an. 

very much agitated at the time he is ope- 
rating. . He should avoid all local cur- 
rents and not breathe in the direction of 
the jar. 

71. In all these experiments the hydro- 
gen unites with the pxygen of the air, form- 
ing watery vapour, which mixes with the air 
or condenses fhto water. • 

72 Mix* one measure * of hydrogen gas with half its volume 
of oxygen gas, and fill a strong glass-bottle with the mixture. 
Cork it under water, and after- wrapping a towel round it, 
apply a lighted candle or piece of paper ,to the mouth of the 
bottle on withdrawing the cork. A quick and loud explosion 
instantly takes places* the oxygen and hydrogen combining as 
before, And forming watery vapour which is immediately con-' 
denied. In performing this experiment, a strong bottle 
Fig. 39 . made on purpose should be employed, capable of con- 
_5) (? ■- Gaining from three to six ^ounces of water, as it is sel- 
I ] dom that a flint-glass bottle, of the usual strength, will 

U 'stand the expl6sion. The reason why the gases arc 
mixed ii), the above proportions will be seen on refer- 
ring to the table of equivalents by weight and by measure. 


Hydrogen. Oxygen. 

Equivalents by weight 1 -p 8 =<> 9 water. 

Corresponding equivalents LI + o = n watery vapour. 

73. Here, it is seen that one equivalent of hydrogen by 

weight (= 1) corresponds with one measure or volume of hy- 
drogen gas, and that one equivalent of oxygen by weight (= 8) 
corresponds with half a measure, oxygen gas being sixteen 
times heavier than hydrogen <gas ; and by their combination 
one volume of \vatery vapour is produced, a condensation 
taking place equal to the volume of the oxygen employed. If 
an excess of either gas be present* it remains aftej^the deto- 
nation. *' '* « 

74. Atmospheric air containing one-fifth of its volume of 
oxygen gas, every measure of hydrogen gas requires 2| mea- 
sures of air for its combustion ; the detonation that ensues is 
very feeble compared with what takes place when the hydrogen 
is mixed in the proper proportion with oxygen gas. A small 
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excess of atmospheric air causes a louder detonation tl^an when 
the exact quantity required for the combustion of the hydro- 
gen is employed. By varying the proportion of ah\,or oxygen 
gas mixed with the hydrogen, before the light is Applied, and 
holding the jar or detonating bottle containing the irixture in 
different positions, fjie rapidity of the combustion ^nd the ap- 
pearance of the flame are considerably varied. 

75. A piece of paper folded inlo a match will be found more 
convenient than a candle ior firing the hydrogen in these dif- 
ferent experiments. 

76. The detonating mixture is made most conveniently by 
placing any jar or phial fill? of water on the shelf of the pneu- 
matic trough, filljng it twice with hydrogen, transferring it 
each time to a larger jar ; it is then to be filled with oxygen, 
which is to be mingled welj with the hydrogen ; the detonating 
bottle is then to be filled with this mixture. 

77. In transferring the detonating mixture to the ^strong 

F1 «- 41 • bottle, it may be 

placed above an 
aperture in the shelf 
of the pneumatic 
trough, as shewn in 
Fig. 40 ; or should 
the phial be very 
small, it may be held 
in the left hand with a funnel under water, Fig. 41, the gase- 
ous mixture being transferred^ by the right hand ; very small 
portions should be introduced into the funnel at a time. 



78. In examining generally the manner in which any gas 
burns or supports combustion > it is not always necessary to fill 
Fig. 42. Fig. 43. the jar fu\]i before applying alighted match ; 






u is essential, however, bo^li in operating 
with fhe gas for particular purposes, and in 
preliminary trials, to retain any water &, 
not previously expelled, both when the co- 
ver is slipped under the jar, and when the 
jar is inverted. 


79. In firing detonating mixtures, the match c is usually 
placed over the mouth of the bottle or jar, as in Fig. 43, before 
the cork or cover is withdrawn. 


80. Oxygen and hydrogen' do not combine so readily when 
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they are, expanded by diminishing the pressure to which they 
are exposed; if the pressure be increased, they unite with 
greater fagility, and when mixed in the proper proportions and 
suddenly ctihipressed, they immediately combine, a loud deto- 
nation taking place. If part of the vessel be made of glass, a 
brilliant light is seen, and the vessel is generally broken. This 
experiment was made by Biot, but it is not easily performed, 
and .always dangerous. The heat evolved during the compres- 
sion has generally been* considered as the 'cause of the combi- 
nation. • * 

81. A mixture of oxygen and hydrogen may be made to com- 
bine slowly and without any detonation,’ by introducing a piece 
of coal at a dull red heat ; if it be at a bright, red heat an explo- 
sion always takes place. 

82. Into a six or ^ight«ounce phial T introduee amixture P1 * 44 - 
for the preparation of 'hydrogen gas ; fit a tube with a 
small aperture to it, and when the air shall have been ex- 
pelled by allowing the hydrogen to be disengaged for 
some minutes, kindle the gas at the extremity of the tube. 

If tubes of glass be now held over it, Fig. 44, very shrill 
tones are produced. f A srftall stream of hydrogen may 
be# produced for th§ same purpose at the extremity of 
a flexible tube connected witli ^ gasometer. 

83. When a stream of hydrogen gas (fesuin^f from 
a gasometer or any other source) is directed upon a 
piece of spongy platinun^ (metallic platinum in a very 
minute state of division), it immediately becomes in- 
candescent if atmospheric air or oxygen gas be at the 
same time present, and the hydrogen is almost in- 
stantly inflamed. The spongy platinum may be sup- 
ported in a sm&ll cage of platinugn wire ; this is not necessary, 
however, for though the efrect is seen to greater advantage in 
this manner, the incandescence of the platinum and the in- 
flammation of the gas take place whenever they come into 
contact (along with air), whatever may be thg nature of the 
substance on which it rests. If the platinum should be damp, 
it must he carefully dried by exposing it to heat in a crucible, 
or in a small plate of metal held over a spirit-lamp. 

84. This singular property of platinum ^was discovered by 
Professor Doebereiner, and *a lamp for procuring an instanta- 
neous light constructed on this principle is well known by £he 
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Fig. ah . name of Doebereiners Lamp. Fig. 45. It 
consists of an ingenious contrivance of Gay 
Lussac’s, by which a jet of hydrogen can be 
obtained instantaneously by merely opening a 
stopcock, a brass cup being fixed bel*>w it to 
contain the platinum. The hydrogen gas is 
produced by the action of a cylinder of zinc on 
diluted sulphuric acid placed in the lowermost 
vessel represented in tne annexed figure, the 
acid being diluted with about fifteen times its 
weight of water. The upper part , consists of a 
globe nearly as capacious as- the first, and capable of containing 
from about 60 to 100 cubic inches, but terminating in an open 
tube which is fitted accurately to the neck of the other by 
grinding. The cylinder of *unc is placed round this tube, sup- 
ported about a quarter or half an inch above 'its ihferior ex- 
tremity by a cork that also fits closely to the tube. When the 
cylinder is introduced into the lower vessel, hydrogen gas being 
immediately evolved, and not finding any exit wheri'the upper 
one is properly adjusted, it collects at the top of the lower 
vessehand presses upon the surface of the liquid belfrw, which 
is consequently forced through the tube into the upper vessel. 
If the stopcock connected with^the lower vessel be now opened, 
the liquid that has been forced into the upper one will descend, 
and force out the hydrogen gas, by the small nozzle, fixed so as 
to direct it upon the platinum ; while, the liquid, coming again 
into contact with the metallic zinc, more hydrogen will be pro- 
duced, until at last the zinc is dissolved, or all the sulphuric 
acid converted into sulphate of zinc. J 

85. The stopple in the upper part of this apparatus must 
have a groove cut in the side to allow the free iifgress or egress 
of air, and the cup containing the platinum mu$t be supported 
by a wire sliding through, a piece of brass attached to the stop- 
cock, so as to allow it to be brought nearer or removed farther 
away from the aperture l;y which the hydrogen escapes. When 
more sulphuric acid is required, it is necessary to dilute it pre- 
viously with twice its bulk of water, and allow it to cool ; for 
if strong sulphuric acid be poured into the upper vessel after 
withdrawing the stopple, the heat produced when it mixes with 
the liquid frequently causes the glass to break. 
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86. }Vlien neither a gasholder nor an apparatus such as 
Doebereiner’s lamp are at hand, the effect of the gas upon the 
spongy platinum may be seen by filling a bladder with hydro- 
gen, and Compressing it afterwards, so as to force out the gas 
in a slqpder stream. For this purpose the bladder must be 

‘provided .with a stopcock, and a brass nozzle fitted to it, which 
is to be fixed on when the bladder is full. A pneumatic jar, 
provided with a stopcock, must also be procured, and a connec- 
tor, as it is termed, oi* small tube open at both ends, by which 
the bladder «and the jar ca'h be connected together Fig. w. 
by the stopcocks, as represented in Fig. 46. Both 
stopcocks being nojr shut, and the. jar 4 placed full 
of water on the shelf of the pneumatic trough, 
hydrogen gas may be introduced, and by depress- 
ingrit in the pneumatic trough, arvrl 'opening both 
stopcocks; the gas is forced from the jar into the 
empty bladder by the pressure of the water. 

87. On removing it from the connector and the Fig. 47 - 
pncuma£ife jar, the brass nozzle, terminating in an 
aperture not exceeding one-fiftieth of an inch in diame- 
ter, must 1 - be fixed to it, which will prevent too large 
a^ quantity of hydrogen from being expelled on turn- 
ing the stopcock ancj compressyig the bladder. 

88. Oxygen and hydrogen gasei, when*mixed in the proper 
proportions, are inflamed by the spongy platinum as rapidly as 
by a flame, or by an iron rod at a white heat. If a bladder be 
filled with a mixture of the two g^ses, and a piece of spongy 
platinum introduced, they immediately explode with great vio- 
lence, and the bladder is blown to pieces. For this experiment, 
fit a large perforated cork to the neck of the bladder ; through 
this the spongy platinum is introduced, supporting it in a small 
wire cage attached to an 'iron wire which is fixed to another 
cork that fits the aperture in the first. When the bladder has 
been filled with the mixture, a common cork is immediately put 
into it to prevent the t escape of the gas. On removing it to a 
safe place, where it may be supported on a retort-stand, this 
cork is taken out, and the other with the platinum attached to 
it immediately introduced, a glove being put on the hand in 
which it is held, in case it should explode as it is put in. 
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89. A simpler mode of shewing this effect i-v. 

consists in tilling a small and stout detonating 
jar with the explosive mixture, lifting it per- 
pendicularly with the left hand, and intro- 
ducing a platinum ball tied with a little iron 
wire to a stouter wire bent at right angles. 

The whole arrangement is similar jto Fig, 37, 
the platinum ball replacing the candle, and 
the bent wire allowing the hand to be held 
at some distance from the jar. 

90. Should the jar in which the experiment 
is to be performed be required perfectly dry, 
it must be filled at the mercurial trough, or 
by displacement. In the latter case, a capped jar a is charged 
with the detonating mixture, depressed hi l wa 4 *er, and the gase- 
ous mixture made to displace the air in 4, as it escapes on open- 
ing the stopcock. The platinum may then be introduced. 

91. When the gases are mixed in different proportions, or 

when the oxygen and hydrogen, though present in the' exact 
proportions in which they combine with each other, are mixed 
with other gases, the detonation does not taheplacfe, or, at least, 
only after some time has elapsed. The platinum always causes 
them, however, to combine, and *he heat generated luring the 
combination is so great; that the platinum frequently becomes 
incandescent, though the mixture be not inflamed. The spongy 
platinum retains this property even wliei mixed with clay, and 
made into small balls. They are, made with different propor- 
tions of platinum, and are more or less active, according as the 
quantity of platinum is increased or diminished. The method 
of preparing the spongy platinum, &c. will be described under 
Platinum . - 0 

92. As oxygen and nydrogen combine in the proportion of 
half a measure (°) of the former to a whole measure (□) of the 
latter, forming watery vapour, which is immediately condensed 
if the temperature* be not kept at 212°, it is obvious that we 
can estimate the proportion of oxygen or hydrogen in mixed 
gases, by adding one^ or other of these to the mixture, and 
noting the degree of condensation that attends the combination. 
For example, i & we w|sh to ascertain the purity of hydrogen 
gas, prepared by any of the preceding processes, a small portion 
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may be mixed with its own volume of oxygen gas in a graduated 
jar or tube over a mercurial trough, and a ball of platinum in- 
troduced, previously mixed with clay, however, to prevent any 
detonation. If a condensation takes place ccpial to the bulk of 
. the liyfirogen and half of tho oxygen employed, then we are sure 
that the* hydrogen gas is pure, for oxygen and hydrogen com- 
bine in these proportions ; tf,* however, it does not take place* 
to this extent, then, on noting the amount, and taking two- 
thirds of it, tlfis expresses the exaot quantity of pure hydrogen 
contained in the portion f under examination. The tube or jar 
containing < the gases must always be elevated or depressed in 
the mercury, so that it shall be* at the same level within and 
without, when measuring the quantity employed or the amount 
of condensation. 

93. In the same manner, the f>urity of oxygen gas may be 
ascertained by mixing an excess of pure hydrogen with a given 

* quantity of the oxygen gas, and proceeding as before. If the 
diminution of volume in the mixed gases be equal to three times 
the biilk of the oxygen employed* it is evident the oxygen must 
have been pure, for it combines with twice its bulk of hydrogen ; 
if, however, the condensation does not proceed so far, £hen one- 
third of the amount to which it does take place, indicates the 
exact quantity of pure yxygen in the portion employed. 

94. In performing these experiments, sliofdd the mercurial 
trough be shallow, after the ball hits been introduced by a pair 

si. of pincers, Fig. 49, an iron or por- 

I pelain cup, Fig. 50, suspended by 
a strong wire, may be introduced 
under the tube, and used as a tray 
to remove it to a tall and narrow 
jar, in which, when the action is 
completed* the precise amount of 
condensation may be observed, by 
placing it so that the mercury shall* be on the same level, both 
within and without* Fig. 51. • • 

95. A bent tube ab> filled with mercury (Fig. 52), may 
be used as a substitute for a mercurial trough when carefully 
supported. The gases to be employed Ibeing introduced by a 
smaller tube e when the proper proportions h^ve been mixed, 
the platinum ball d is then introduced. Mercury is poured 
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into tlie open limb as the operation ad- 
vances. 

96. In experiments with this tube, if 
the open extremity be full of mercury, it 
is easy, by a little management, to turn 
it so that a small portion of gas shall pass 
to that side, to which a flame, portion 
of water, or any other test, may be ap- 
plied, according to the nature of the gas, the femainder being 

still retained in the sealed extremity of the tube. # 

«/ • 

97- Mixtures of hydrogen and oxygen gases may be inflamed 
also by the electric spark. Jhee Electricity. • 

98. Hydrogen gas produces an intense degree of heat during 
its combustion, and if mixed with oxygen gas in the proper 
proportion, and made to issue from a small firifice, we ha\b at 
our command a more powerful heat than can be produced in any 
other way. It is on this principle that the oxy-hydrogen blow- 
pipe is constructed, which will be described when we come to 
treat of the blowpipe. # # • 



Sect. 1. — Water. 

Symb. *11 ; Eqfiby W* 9,* byvolume □ (one measure). Specific 
gravity , 1.000. Due cubic inch weighs 252.458 grains at 62° 
Fahr., liar. 30° ,* it is about 815 times heavier than air , and 
when converted into vapour at £12°, it expands to 1696 times 
the volume it occupies at its greediest density. The specific gravity 
of steam (air at 212° being 1) is 0.625 ; or 0*484, air at 60°= 1. 

99. When a mixture of halfi a measure of oxygen gas (a) 
with one measure of ‘hydrogen (□) is inflamed m a dry glass 
vessel, both gases entirely* disappear, and the interior surface 
of the vessel is found bedewed with moisture, formed by the 
condensation of the watery vapour that ibsults from the com- 
bination. To see this distinctly, the dry gases must be mixed 
in a proper detonating bottle (77) over a mercurial trough. Or 
a stream of hydrogen gas may be inflamed as it is mode to issue 
from a gasometer through a flexible tube, to which a brass 
nozzle with a small aperture h«Es been fitted, and introduced 
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into a large glass flask or jar, taking care not to bring the flame 
too near the glass. 

100. If *a mixture of oxygen and hydrogen gases were made at 
the temperature of 212°, and the apparatus not allowed to cool 
iifter tlid detonation, one measure of steam would be formed a 
condensation, equal to the volume of oxygen employed, accom- 
panying the coinbinatipn. n ' 

101. There is perhaps no agent of more importance, in a prac- 
tical point of view, than water, when we consider its mecha- 
nical and chemjcal properties, and the infinite variety of pur- 
poses to which it may be applied. It not only enters into com- 
bination with many substances, forming a well defined series of 
compounds termed hydrates, but is also the medium by means 
of which many important combinations and decompositions are 
effected, as in the*- decomposition jf compound salts, where it 
communicates that fluidity without which they often do not 
act oft each other. From the extensive range of the affinities 
of its elements, and the facility with which they are separated 
by pecifiiar arrangements, it is constantly giving rise to new 
combinations ; while, by others, of a different nature, these arc 
subverted, and the oxygen and hydrogen again unite to form 
water. Certainly «io department of chemistry is more interest- 
ing than the study »f th(* different changes of which this fluid 
is susceptible, and the combinati6ns arisfhg from its decompo- 
sition, or attending its formation, which aetpompany the action 
of a great number of substances upon it, and upon one another. 
This is well exemplified in th*5 changes that take place in the 
chlorides, iodides, bromides, and cyanides, and water, when one 
of the stronger acids is added to them, and also in the prepa- 
ration of oxide of nitrogen, protoxide of chlorine, chloric acid, 
hydrosulphuric acid, and inany other substances, where water is 
either formed or decomposed. By the 'researches of modem 
chemistry, especially those more immediately connected with 
the examination of the chemical equiiialents of the different ele- 
ments and their compounds, these actions have*been traced with 
a degree of minuteness and precision which has been attended 
with the happiest results ; and instead of # being considered as 
complex phenomena, the method in which the different particles 
arrange themselves may now be studied facility and satis- 
faction, even by the beginner* 
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102. Pure water being constantly required for experimental 
purposes, it is necessary to state the characters by which it may 
be known, and the method of obtaining it, as, in its native state, 
this fluid is always contaminated with some foreign lftatter, ac- 
cording to the channel through which it may have flowed, and 
the particles of minenfcl, vegetable, or animal matter wkli which 
it may have come in contact. • 

103. The purest water that can be obtained, without subject- 
ing it to artificial operation**, is procurecf by inditing snow, or 
collecting rain as it falls at a distance from towns?, or in any 
place where it is not liable to be vitiated by the fctate of the 
atmosphere. Even this*, however, is not perfectly pure, for 
it contains a portion of air, which may be disengaged by boiling 
it, or placing it under the exhausted receiver of an air-pump. 

104. It will be found most •convenient in general to prepare 
• pure water by distillation, the only method indeed by*vvhich it 

can be completely separated from the saline matter whieh it # 
usually holds in solution. The apparatus commonly used for 
ki*ki. th^s purpose is a small boil£r*rf tin- 

ned iron (Fig. 53), (> or 7 inches in 
diameter, and about 7 or ft inches 
deep. It is filled half full of water 
by the# funnel «, •which is soldered 
in it* and descends till it comes with- 
in an inch of the bottom ; the steam 
is conveyed by a tin tube (6) to ano- 
ther, tufye coiled in a spiral form in a 
vessel of water, termed the refrigera- 
tory, where it is condensed, and may be collected in a bottle as 
it drops from the other extremity of this tube. The boiler is 
heated by placing it in a furnace, or o\er the open fire. 

105. The vapour must be allowed to escape for a short time be- 
fore any is collected, to expel any gaseous matter which it ma\ 
contain, as well as to remove any foreign matter that may be 
adhering to the sides of the tube; after •three-fourths of the 
water have been distilled over, the remainder had better be 
thrown away. Wheq the level of the water in the interior of 
the boiler falls below the lower part of the funnel, the steam 
then issues through Hie tube of the funnel, and informs us of 
the extent to which the evaporation ' has been carried. More 
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water may then be poured in by the funnel, or a fresh charge 
introduced after the remainder has been set aside. 

106. \t is seldom necessary to distil water in glass vessels, 
except pevhaps in very delicate experimental investigations, or 
where sin apparatus such as has teen described is not at hand. 
A plain t retort may then be used for thjs purpose, condensing 
the vapour in a thin glass receiver or Florence flask, Fig. 54. 

' ,4 The retort is supported by a common 

retort stand (seb Fig. 2, page 3), and 
heated by a chauffer or lamp. The re- 
ceiver is kept cold by surrounding it 
with a piece of cotton cloth, and allow- 
ing a stream of cold water to fall upon it through a funnel, the 
throat of which is obstructed with a little tow, or by a stream 
from a small sypjion. ^ Instead o£ glass, vessels of silver have 
been recommended. 

tl 107. A long funnel (Fig. 55) is preferred for introducing the 
F ig. 55 . water, so as to prevent any undistilled 

water from passing to the receiver from 
the neck of the retort. When a tubulated retort is employed 
the funnel is unnecessary. 

108. Pure wat$r is perfectly transparent and colourless, and 
remarkably limpid, though i% lias not that fine sparkling ap- 
pearance which water impregnated with gaseous matter always 
presents when it is poured from one vessel t,o another. To the 
taste it is insipid and 0 unpleasant. Its specific gravity is less 
than that of water contain ing c saline matter in solution; it ndxes 
easily with soap, gives no precipitate with a solution of soap in 
alcohol, nitrate of silver, hydrochlorate of baryta, or acetate of 
lead, and has no action on litmus or lime water. It also mois- 
tens bodies fnore easily and mpre thoroughly than water which 
has any foreign matter in solution. 

109, A general idea of the amoupt of foreign matter, not vo- 

* Fig. 36. 

_o 

latile, in any water, may be obtained by evaporating slowly one 
or two drops on a slip of glass carefully washed previously in 
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distilled water. If it be very pure, little or no trace .will be 
left, except of very minute rings. Tf less pure, the rings are 
thicker, and if very impure, a continuous crust appeans.* The 
above Fig. (56) will illustrate the appearances presented by dif- 
ferent waters evaporated in this way. f 

110. As water readily absorbs a number of gaseous sub- 
stances, especially when it has? been boiled to expel any air 
that may have been combined with it, distilled water must be 
, kept in glass bottles with ground stoppfes, otherwise it is soon 
contaminated by the different gases that are constantly floating 
about in an experimental room. The following Jable by Dr 
Henry shews the quantity of« several of the prases which 100 cu- 
bic inches of water can absorb at the usual temperature and 
pressure. 



Dal ton 

• 

Sai»8ur£ 

Sulphureted Hydrogen 

100 

cubic inches, .* 

. • 253 

Carbonic Acid 

100 

do. 

106 

Nitrous Oxide 

100 

do. 

7 6* 

Olefiant Gus 

12.5 

do. 

12.3 

Oxygen 

3-1 

do. 

. # • 6.5 

Carbonic Oxide 

1.56 

do. 

6.2 

Nitrogen 

1.56 

do. • • 

. • 4.1 

Hytflrogen 

1.56 

do. 

6.4 


111. Distilled water should aljvavs be employed in preparing 
solutions for experimental purposes ; and when these are to be 
used as re-agents, attention to this circumstance is quite indis- 
pensable, as the presence of the smallest portion of foreign mat- 
tcrsmight lead to an erroneous conclusion. 

112. In examining boilers for the production of steam, many 
points require minute attention, which may be slSidied most sa- 
tisfactorily with the aid of a small copper model from six to ten 
inches in diameter, heating it cautiously by a lamp or furnace. 

In Fig. 57, a and b represent the interior of thp boiler filled 
to the dotted line between p and b with water ; c the feed pipe 
for supplying water; d thp steam pipe; f and g pipes within the 
boiler terminating without • in stopcocks; 4hesc descend to un- 
equal depths within, being of such lengjfi that when the boiler 
is properly charged with water, on opening f nothing escapes 

• Under Mineral Waters,” the method of examining for the various in- 
gredients they contain wilt be described. Until the beginner is familiar with 
a number of tests, he could not enter upon this subject with advantage. 
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Fi «* 5 7- but water, its extremity being un 

der water, while from g steam 
• ( i alone should conie away. If water 

c come from both, the boiler is too 

, ^ 9 full ; if steam alone appear on 

/ jd opening each, there is too little wa- 

^ k™ (] * e is a glass tube or gage com- 

y j municating freely with the interior 

^ | A of the boiler both above and be- 

I " ill * ow ’ * n w bore it can be con- 

e -t- *— | — JH veniently applied, the actual level 

\ 0/ of the water within the boiler is 

a / indicated by its height within the 

\ / tube. Immediately above e is a 

\ - — -r / large opening or door, such as is 

usually attached to boilers, and by 
>vhich access can be obtained to the interior of the boiler, to 
clean it or repair it ; m is a thermometer placed in an iron tube 
containing mercury, and indicating, the temperature of the wa- 
ter in the boiler. 

113. Fig. 58 represents the safety valve loaded with a very 

r ig . 5B . large weight. A great variety of 

» torn s are given to it according to 

I \ the position In which it is to be 

placed, and the amount of pressure 
to which it is likely to be subjected. 
It consists essentially, as is refJre- 
£ K sented in the figure, of a plate of 

\ metal covering an aperture in the 

" 1 boiler, and loaded with such a weight 

( s only us will admit of its being forced 
u% l up by the steam within, before it at- 

„ ) tain sufficient power to burst the 

— — J \ boiler. The steam, after escaping 

from the' boiler by the valve, in ge- 
neral passes into a tubte which leads it away to the chimney or 
a small funnel by which it passes into the air. 

114. At the bottom of this figure (58) a large valve is repre- 
sented, which is opened from time to titae in boilers worked 
with sea water, and a quantity of the hot water run out. This 
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carries along with it its own salt and the salt of a considerable 
portion of the water which has been evaporated, as sea water is 
far from being saturated with saline matter, and the deposi- 
tion of salt is thus retarded much, though not altogether pre- 
vented, This operation is termed Blowing out , and is frequently 4 
practised in marine engines to prevent the boiler being tooquickl y 
covered with a thick crust. • # Fig. 59. 

116. Fig. 59 illustrates more particu- 
larly the manner in w*hich *the boiler is 
supplied with water. So long as the stone 
float a is sustained at a certain height by 
the water in the boiler with t he aid of the 
weight A, attached to the other end of 
the lever which supports the floaty the 
plug c is firmly fixed in its place; but 
• when the level of the water declines, 
the stone float sinks, depresses its arm 
of the lever, elevates the other, and the 
plug c is opened ; then water passes into 
the boiler, till it is again arrested b^ 
the risiyg of the float, when the weight 
h pulls down its arm of the lever, and 
thus closes the feed pipe. • . 

116. The steam gagfe (Fig. tiO) for ascertaining the pressure 
of# the steam is arranged in different ways ac- 
cording to the circumstances in which it is 
placed. One of.the simplest illustrative me- 
thods consists in introducing a f steam pipe a 
from the boiler into a vessel b containing mer- 
cury, from which rises a glass tube c y dipping 
under the mercury vythin this vessel. The 
more dense the steam the greater its pressing 
power (or •elastic force), and the higher the 
mercury i* forced up in the tube. This appa- 
ratus may be attached to\he steam pipe (Fig. 
57), or it may be connected with the boiler by 
an independent aperture. Every inch the 
mercury rises in the tube above the level of that in the vessel, 
indicates a force in ♦he steam of 0.489 lb. to the square inch 
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above <the atmospheric pressure ; which is in 
general 14.6 lb. on the square inch.* 

117. Small boilers are occasionally prepared 
for the same purpose, in which the mercury is 

, placed \xt the bottom without any intervening 
vessel, as in the adjoining figure, 61, — sur 
face of the mercury, surface of the water 
above, a , the tube in which the mercury rises. 

118. All boilers from which much water is 
evaporated* are apt to acquire a thick crust, 
from the gradual deposition of earthy or saline matter, which 
often adheres very dirmly to the interior of the boiler, and much 
labour and expense are required for its removal. It intercepts 
the heat to a great extent, s and renders the boiler apt to become 
red-hot, and more readily corroded. Hence the great advantage 
of using distilled water for forming the steam, condensing it with- 
out mixing w ith other water (by exposure to cold surfaces), and 
returning it to the boiler, so as to afford a constant supply of a 
pure ffiiid that does not communicate a crust to the boiler. This 
is done in Howard’s vapour-engine, and in Hall’s patent con- 
denser. The small quantity lost by leakage is supplied by a 
small still (in which salt water is distilled.) 

119. A (mixture* of t^an atul water, or water mingled with 
various mucilaginous substances 1 ; prevents any earthy deposit 
from concreting so quickly into a hard mass, and attaching 
itself to the boiler, subsiding then in a form in which it is re- 
moved with greater facility ffom the boiler. The objection to 
the use of all, such materials, however, is the extreme tendency 
which they give to the production of froth, and the consequent 
danger of boiling over. 

120. Fill a long gla^s flask, with a stout narrow neck, half 

full of water, boil it till the steam escapes freely, and cork it 
tightly -when boiling, removing it immediately from the heat to 
which it was previously subjected. , The cold air has greater 
effect in promoting Evaporation, by Condensing the steam within 
the flask, and relieving the water from its pressure, than in re- 
tarding its disposition to evaporate, by lowering its temperature. 
Ebullition accordingly takes place with rapidity, and even con- 
tinues for a considerable time. 0 

* See the Tables on the Force of Vapour, &c. 
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121. If the flask be now plunged into cold water, this fluid 
acting more effectually than the air, the ebullition proceeds more 
actively than before. If, on the other hand, it be transferred 
to boiling water, the ebullition is instantly arrested, because the 
hot water sustains the vapour in the interior of the flask, f press- . 
ing on the water, and ^resisting its ebullition. Lastly,*# it be 
again transferred to cold water, aiid # the cyk withdrawn while 
the liquid is boiling briskly, the air, now gaining admission to 
the interior, presses upon thtf surface of the water* and prevents 
all farther ebullition. 



122. Take the same flask, with about a sixth part of water. 
Boil it, and cork the flask ’when the air has bfcen expelled as be- 
fore (120) ; leave it to cool with the mouth under water, as in 

the annexed Figure; and then, after re- 
moving the retort stand, hokl if firmly in one 
hand with its mouth under the water, and 
remove the cork by the other. The watery • 
vapour being already condensed, tliejnoment 
■ he cork i;* removed, the pressure of tlie air 
„ >rces the water witji explosive rapidity into 

the flask. On several occasions I have seen # 
the flask broken by the sudden impetus of the fvater. 

123. The sudden condensation bf water or*other vflpour can- 
not be too cautiously guarded against in numerous chemical ex- 
periments, proving <fften a source of accident and danger to the 
inexperienced operator. Where the beak of a retort producing 
vapohr terminates in a receiver, in which it is gradually en- 
veloped in the condensed liquid, if the receiver fee kept cool, 
the material condensed may he returned, bv the pressure of 

Fig. es. the air, to the body of the retort. 

A£ain, if a retort be employed 
for the production of* gas where a 

* condensible vapour is necessarily 
formed at the same time, if the 

* last portions of gas shall have 
been expelled, the pressure of the 

# air may force part of the water 

in the trough into the retort, Fig. 63, and injure the materials 
there, or break it with Explosive violence. 

124. The Water-Hammer, Fig. 64, shews well the far.ilitv 
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Fifi.M* with which vaporization may be induced when the 
A pressure of the atmosphere has been removed. It con- 
0 .sists of a glass tube, with hollow balls of different sizes 
^ attached to one end, and communicating with the tube 
V. by narrow apertures. Water is introduced into it, and 
'when the air has been expelled by boiling, the extremity 
is sealed hermetically.* If it be held vso that the water 
shall fall quickly from the upper extremity of the long 
tube to the other, as represented in the Figure, a loud 
a - - noise is produced, the water meeting with little or no 
resistance in its descent. If, again, the greater portion 
of the water be transferred to the balls, and the tubular 
portion be held in a warm hand, the heat of the hand is 
sufficient to cause jt to enter into ebullition, the vapour 
condensing in tfee ey&ler liquid ir. the ball. 

125. The Pulse-Glass, Fig. 65, consists of two hollow balls* 
FJg ^ each partially filled with spirit, of wine, 

a % the air having been entirely expelled, 

Igjji as in the,, preceding ease, bv ebullition. 

\ \ _ jj If the ball b be held in the hand, the 

spirit boils violently, and is transferred, 
by the force of its own vapour, to a , and may be sent back again 
to b by holding Grpat variety of effect is produced by diffe- 
rent individuals, according to 'the tefnperature of the hand. 
Witli some persons the hand is generally so cold, that no ebulli- 
tion is induced. • 


126. The Ckyophorus, Fig. 66, is a larger glass vessel^than 
r Fi*. 66. the pulse-glass ; it is charged 

with water instead of spirit 
of wine, and prepared in the 
same manner, the water being 
boiled to expel the air, after 
.which it is sealed hermeti- 

c 

cally. All the water having been transferred to one of the balls 
</, the other is placed in a basin of trough, and a freezing mix- 
ture of salt and snow,* which acts more speedily if previously 
allowed to liquefy, poured upon it. The vapour within the ball 
surrounded by the freezing mixture is rapidly condensed, fresh 

* See freezing mixtures. Arfiy ptlicr mixture.Sjf equal power may be sub- 
stituted. 
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vapour rises from the water in a, and it loses so mucl^ heat in 
this manner by evaporation, that it speedily freezes. When the 
balls are four or more inches in diameter, the water at the sur- 
face often freezes before the whole of the mixture has been 
poured into the basin. When part of the water has been frozen^ 
the ball in the freezing mixture may be removed, 'this beau- 
tiful apparatus was invented by Dr Wollaston. 

127. From the large quantity of calorie which becomes latent 
when water is converted into steam (as Clinch afc would raise its 
temperature 1000 degrees according* to some estimates, and 950 
or 967 according to others), and which is cvolvell again when it 
is condensed, steam is often .employed to communicate heat, as 
in the distillation of alcohol or ether, in drying precipitates, &c. 
In distilling liquids according to this plan, a pipe from a still in 
which steam is produced i§ coiled round in another still contain- 
ing the liquid to be heated, and by placing this "still (where the 
steam is condensed) on a higher or lower level than the first 
still, it may be made either to return to the first still, where it 
would be again converted into steam, or collected afhk used as 
distilled water. 

12& For drying precipitates, a square box of tinned iron 
FI*!?. Fig. 67, will he found very convenieitt, 

which nif^ r be heated by a pipe conveying 
•steam from the small still represented by 
Fig. 53, page 33. It may be made about 
twelve or sixteen inches long, from eight 
to twelve broad, and about six inches deep. 
The condensed steam is conveyed away by a spout placed at the 
bottom, and opposite to the end where the steam is introduced, 
and the box lias a slight inclination, so that the liquid may easily 
run off. In addition to a flat, surface for laying* any substance 
on that is to he speedily dried, (as a filter with a precipitate, see 
the figure,) it is convenient to have one or two funnel-shaped 
cayities of different sizes passing throfigh 
it, to hold filters containing liquids that 
must be kept warm during filtration. 
These are represented by the dotted lines, 
and are open both above and below, like a 
common funnel. Fig. 68 shews a very 
simple mtfthdd of converting any ordinary 
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pan or boiler into a water bath, which may be fitted up for one 
or more flasks, according to its size. The lid is provided with 
apertures for the flasks, and water is poured from time to time 
through thfc funnel. 

* 

129. 1 1 * studying numerous processes ip which water is pro- 
duced or decomposed, the beginner will derive much assistance 
from a careful examination of the following propositions : 
1 . When water iw deeonfposcd by a metallic sulphuret or chloride, 
the hydrogen almost invariUbly goes to the sulphur or chlorine, 
forming hydjrosulpliuric acid or hydrochloric acid, while the 
metal takes the oxygen and is concerted into an oxide, w hich 
remains in combination with the acid. # A similar action ensues 
when bromine, iodine, or cyanogen, in combination w r ith a metal, 
decomposes water # It two equivalents of any of these sub- 
stances should 6 e united with one of the metal, as in the bicy- 
anide. of mercury, then two equivalents of water are decom- 
posed, the two of hydrogen in the water going to the two of 
cyanogeti fn the bicvanide, and fonping two equivalents of hy- 
drocyanic acid, while the corresponding equivalents of oxygen 
combine $ith the mercur^, and convert it into a binoxide. 

# 130. II. Again, B when a compound of a metallic oxide with 
an acid, such as the JhydrqchJory; or hydrocyanic, is decomposed 
(hydrochloric acid consisting of chlorine ahd hydrogen, and hy- 
drocyanic acid of cyanogen and hydrogen), the oxygen of the 
oxide unites witfi the hydrogen of the acid, and water is repro- 
duced, while the other substances combine ; viz. the chlorine'or 
cyanogen and the metal. Nothing can be of more importance 
than acquiring f a clear and precise idea of the nature of these 
changes, as they are constantly taking place in a great number 
of combinations and decompositions. 


1 Sect. II. — Binoxide of Hydrogen, o* Oxygenated 
<. Water. • 

Symb. H*0 or :H ,* Eq. by W. 17; Spec. grac. 1.452. 

131. It will be unnecessary to describe minutely the manner of 
preparing this compound, 3 s from the complicated nature of 
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the process it is not likely to be the subject of experiment with 
the beginner ; I shall, therefore, merely mention the method by 
which Tlienard obtained it, and refer to Vols. xiii. and xiv. of 
the Annals of Philosophy, and to the original memdirs in Vols. 
viii. ix. and x. of the Annales de Chimie et Physique, "where a 
full detail of all the .circumstances to be attended to in pre- 
paring it will be found. 

132. Hydrochloric acid is diluted with about ten times its 

bulk of water in a glass vessel surrounded with it*e or snow, and 
the binoxide of barium reduced t b fine powder *is added in 
small quantities at a time, as long as any is dissolved. Sulphu- 
ric acid is now carefully dropped into the# solution to decom- 
pose the binoxide of barium, disengaging a portion of oxygen 
and combining with the oxide (baryta) that remains, forming 
the insoluble sulphate of%aryta which# is precipitated. The 
oxygen combines with a portion of the water, converting it into 
binoxide of hydrogen, which remains along with the rest of the 
water and the hydrochloric acid. This is repeated till the 
water shall have been combiyed with from twenty to tltiaty times 
its bulk of oxygen gas, the hydrochloric acid added to the 
water at the commencement of the process effecting* the solu- 
tion of the successive portions of the binoxide of barium. Sul- 
phate of silver is employed to rejnove the hydrochloric acid, the 
silver being wiftidrawh by the hydrochloric acid in the form of 
an insoluble compound ; the sulphuric acid combines at the same 
time with the binoxide of hydrogen, and is separated by adding 
powdered baryta. , 

133. The binoxide of hydrogen prepared in this manner is 
still diluted with a considerable proportion of water ; it is re- 
moved by keeping the liquid in the exhausted receiver of an 
air-pump with another vessel containing strong sRlphuric acid, 
the water evaporating and being condensed by tjie acid : care 
must be taken, however, pot to continue the evaporation after 
the specific gravity ef the # residue has increased to 1.462, as thfen 
the binoxide alsc* begins to evaporate, and* mixes with the water 
and sulphuric acid. (See Air-pump.) 

134. The binoxide of hydrogen is distinguished by the great 
facility with which if is decomposed by most of the metals and 
many of the metallif oxides, being converted into water and 
oxygen gas ; with some of the metallic oxides, especially the 
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oxides pf silver, lead, gold, mercury, and platinum, the decom- 
position takes place the moment they tire brought into contact 
with it ; great heat is at the same time produced, and the oxides 
are reduced to the metallic state, if they belong to the class of 
t metals whose oxides are decomposed by exposure to heat with- 
out the addition of any carbonaceous matter. 

135. It is decomposed also by heat, being resolved into water 
and oxygen gas, at the temperature of 59° of Fahr. ; and when 
exposed suddenly to a temperature of 212°, the oxygen is dis- 
engaged with explosive violence. When combined with water, 
or with the stronger acids, it does not part so readily with its 
oxygen. *• * 

It has been proposed to employ it in removing the black 
specks that paintings frequently acquire from the carbonate of 
lea\J originally employ 'id being paialy converted into sulphuret 
by long exposure, when the varnish has been abraded ; it im- 
mediately converts the black sulplmret into the white sulphate 
of lead. 


CHAP. III—NITROGEN. 

JSymb. N. ; ( Ay. by [V. 14.2; bn eolutne n (one measure). Sp. gr. 

.9785. Weight of 100 cubic indies 30.346 g tarns. 1 00 cubic 

inches of icater absorb about J .56 of nitrogen x 
«. 

136. Nitrogen, when un combined, exists always in the guse- 
ous form, and is distinguished principally by its negative pro- 
perties, being transparent and colourless, insipid, and inodorous, 
incombustible, and incapable of supporting combustion. It forms 
about four-fifths of atmospheric „air, exists in almost all the pro- 
ducts of the animal kingdom, and enters into a number of im- 
portant combinations. With oxygen it forms atmospheric air, 
nitrous and nitric oxides, hyponitrouSa nitrous and nitric acids ; 
with hydrogen it forms ammonia ; with carbon it forms cyano- 
gen ; and it can combine also with sulphur, chlorine and iodine. 

137. The best method of preparing nitrogen gas is by burn- 
ing phosphorus in atmospheric air, included in a jar or bottle 
over water. For this purpose, a ‘small saycer of tinned iron or 
a brass stand with a copper tnp fixed to the top as represented in 
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the annexed figure, or any thing that will support a sniaH metal - 

ki k on. lie cup with the phosphorus, is placed on the shelf of a 
pneumatic trough, and covered with a bell jar the mo- 
ment the phosphorus is kindled by touching it with 
a small iron-wire previously heated. A large quantity, 
of white fumes is produced, arising from the phos- 
phorus combining withjdie oxygen of the air, and 
forming an acid compound, which is diffused through 
the nitrogen. These are speedily absorbed by the 
water, and on transferring the residual gas froni one jar to an- 
other several times under water, nitrogen gas is obtained suffi- 
ciently pure for common 'experiments. It siAll contains a minute 
portion of carbonic acid (which is always found in atmospheric 
air) and a little phosphorqs in solution, both of which may be 
removed, if required, by agitation in a bftttlewith a solution of 
caustic potassa. 

138. Part of the air included in the jar is expelled, as it i& ex • 
panded by the heat produced by the burning phosphoijis. 

139. In experimenting with phosphorus, it may be cut with 
a knife under water to any size, but ghoul d never be, touched 
with thtfi hand when not in this liquid, as it is easily inflameij 
in the air, sometimes taking tire spontaneously, and giving a 
severe burn if it come in contact with the hand. It is usually 
dried by rolling it in bibulous paper. 

140. Eight or *1611 grains of phosphorus may be taken for 

every 100 cubic inches of atmospheric dir, and if a cup fixed to 
a stand be employed for supporting the phosphorus, it must be , 
raised to a proper height above the water, which rises afterwards 
in the jar, being forced up by the pressure of the air in place of 
the oxygen that combines with the phosphorus. O^, a large tin 
cup may be used, similar to tlfcit seei* in the next figure, but 
very flat, and made of thin tinned iron, so that il floats above 
the ring on which it is at first supported, as the water rises in 
the jar. • 

141. It is selddm that any other substance is employed for 
the preparation of nitrogen. It may be obtained, however, by 
agitating atmospheric air with a solution of the sulphureted hy- 
dro-sulphate of potassa or of lime in a bottle, the oxygen being 
speedily absorbed whfte the nitrjgeji remains. The finger is 
drawn round the stopple of the bottle with gas lute before it is 
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introduced, in order that it may be withdrawn more easily. 

• When removed it must be taken out under water, a portion of 
which is iip mediately forced in in place of the oxygen that has 
been absorbed, and the residual gas may then be transferred to 
'a pneumatic jar. See Bi-Sulphureted Hydrogen. 

142. A mixture of one part of sulphur with two of iron-tilings 
speedily attracts oxygon from atmospheric air, if made into a 
paste with w ater, and exposed to a gentle heat before the fire 
for two or tjiree minutes, gr until it 4 begins to grow warm and , 
becomes of a black colour. It is then put into a tin cup, and a 
fu. 7 ». * jar of air placed over it on the shelf of the 

f A pneumatic trough, leaving them together for 

twenty-four hours, that the oxygen may be 
f withdrawn.! The quantity of sulphurot of iron 

% * ifeed*must not be So great as to prevent the tin 

JSpiBpS cup from floating on the water which ascends 
as the oxygen is absorbed ; 300 grains of sul- 
phur wjtl 600 of iron and 200 of water will be sufficient for ajar 
containing 200 or 300 cubic inched of air, an excess of the mix- 
ture being employed to effect a more speedy decomposition. In 
(his process, the sulphur and the iron both attract oxygen from 
the air, and if tliey were exposed for a long time to the free 
action of the atmospheric art*, and properly ^moistened, they 
would be eventually converted into sulphate of iron, the sul- 
phuric acid and oxide of iron, formed by the absorption of the 
oxygen, combining. 

* 143. In all these processes/ four" parts by measure of nitrogen 
gas are obtairfed from every five parts of atmospheric air, when 
the oxygen has been completely separated. Nitrogen gas may 
be obtained* also by exposing muscular fibre to the action of 
nitric acid diluted with*. two or three times its bulk of water ; 
see Fibrine. None of these latter processes, however, are re- 
sorted to for the preparation of nitrbgen gas, except for experi- 
mental illustration, ^as it is procured with much more facility 
by burning phosphorus in air. 

144. To shew that this gas cannot support combustion, afly 
substance may be introduced into it in a* state of combustion, 
when it will be immediately extinguished. If two jars are 
taken, one full of oxygen, .and the other lull of nitrogen gas, a 
suspended candle, Fig. 9, page 5, introduced into the nitrogen 
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is immediately extinguished ; but if it have previously been al- 
lowed to burn till the wick is red, and the least red spark re- 
main on withdrawing it from the nitrogen, it will be rekindled 
on transferring it quickly to^the jar of oxygen gas, and again 
extinguished in the nitrogen ; this may be repeated several su<w 
cessive times with the same portions of gas. • 

145. Mix two measures of nitrqgen ga§ with half a measure 
of oxygen ; the resulting gas has the sajne properties as atmo- 

, spheric air. • 

146. Nitrogen gas is occasionally employed tp fill bottles or 
retorts instead of atmospheric air, when it is necessary that the 
gaseous fluid should have no action on the ifiaterials afterw ards 
to he introduced. 


Sect. I. — Oxide of Nitrogen, or Nitrous Oxide. 

' 0 

Symb. ON or *N ,* Kq. by W . 22.2 ,* by volume , □ (one measure). 

Sp. gr. 1.529. Weight. of 100 cubic inches 47.449 ‘grains. 

100 ej. of Water absorb 100 of th is gas. 

• f i 

147. Oxide of nitrogen is obtained by exposing the nitrate of 
ammonia to heat in a glass retort, when the* salt is uesolved in- 
to watery vapour and* oxide hf nitrogen, which assumes the 
gaseous state, and* may be collected in a gasometer or in jars 
placed on a pneumatic trough. To prepare the nitrate of am- 
mo Aia (composed of nitric acid .and ammonia), carbonate of 
ammonia in powder is added to nitric acid, pre^ously diluted 
with its own bulk of water, till the acid is neutralized. This 
is known by taking out a drop of the liquid from # time to time 
with a glass rod, and touching* a cabbage test paper with it. 
See Colouring Matter. Should it be neutral, the paper will 
not be affected, but is turned green by any excess of carbonate 
of ammonia, and red by any excess of acid. The nitric acid 
combines with the ammonisl, forming nitrate of ammonia which 
remains in solution, and the carbonic acid is disengaged with 
effervescence. The neutralization is effected more speedily by 
heating diluted nitric acid in a flask, or in an evaporating basin 
(supported on a retdrt stand) by a chauffer ; if strong nitric 
acid be added to the carbonate of ammonia, the nitrate may be 
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obtained as before, but a large quant its of offensive fumes is 
disengaged with great violence, and the acid liquid is apt to be 
thrown about. 

r 

148. The solution of nitrate of ammonia thus prepared is 
iieated m a glass retort, of which it should not till more than a 
half, — thi? decomposition of the nitrate commencing when the 
water of the solution i$ almosf entirely expelled. This is known 
kik- 71 . by introducing tlie‘ beak of the retort into a 

small cup with cold water, gas rising steadily 
through it as it is disengaged. Should the 
decomposition not have commenced, nothing 
passes over bin steam, and the cold water, 
condensing it, rises in the tube of the re- 
tort ; a very smajl quantity, therefore, must 
be put info the cwp, io allow atmospheric air to enter by the 
beak of the retort after the water shall have risen a certain 
length in the tube, otherwise it will pass into the retort, which 
will probably be broken. This also shews the necessity of not 
introducing the beak of the retort./ into a pneumatic trough or 
into a gasholder, till tlie M gas begins to be rapidly disengaged. 
Jn expelling the last portions of water, great attention must he 
paid to the management of the heat, as the liquid is then ex- 
tremely apt to hoil'oveiv Aileron or tin plate is extremely use- 
ful in this stage of the process ; it may be interposed between 
the chauffer and the retort when the liquid appears as if it were 
going to boil over, and withdrawn when it falls again in the 
retort. In this manner the last portions of water are expdiled 
more speedily., and full advantage taken of as high a tempera- 
ture as can be applied with safety. When the heat to which 
the nitrate i$ exposed is too great, the gas that comes away is 
often impure, and loadol with white vapours of nitrate of am- 
monia, part of which do not condense for some time, even 
though shaken with water ; a portion also collects occasionally 
in a solid mass in the beak of the retort. As the nitrate can be 
volatilized at a lower temperature than that at which it is de- 
composed, we must expect that a portion will escape decompo- 
sition during the preparation of oxide of jiitrogen. When the 
gas begins to be steadily disengaged, the heat should be mode- 
rated, so that the fused nityate shall be kipt in a state of gentle 
ebullition ; the heat may be continued till the whole of the 
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nitrate is decomposed. The retort should have a long neck that 
it may be conveniently introduced into the gasholder, and the 
beak should not be made so thick as usual, that it m^y not be 
so liable to break when it is put into the cold water. 

149. Every 54.2 parts or one equivalent of dry nitric acid 
(contained in 72.2 of Idle common liquid nitric acid) combine 
with 17.2 of ammonia, and give 71*4 of dry nitrate of ammo- 
nia. This is resolved Jjy the heat into 2J parts of water and 

44.4 of oxide of nitrogen, add as 100 # cubic inches qf this gas 

weigh 47 grains, 71.4 grains of the nitrate will give about 91 
cubic inches of the gas ; of this a large quantity is sCbsorbed by 
the water of the gasholder pr though. • 

150. In the following diagram the part to the left represents 
the elementary composition qf the nitric acid and ammonia in 

71.4 parts of the nitrate, and the other shetyj* the uew arrange- 
ment into which these enter, and the compounds produced. 
The three equivalents of hydrogen in the ammonia combine 
with three of oxygen from the nitric acid, and the^ regaining 
equivalents of oxygen come away with the nitrogen both of the 
nitric acid and the ammonia, in the form of oxide of nitrogen. 


Ilefore l hr, out position . 
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Synth. : : N + N 2 -N & 3 H. * 

151. Oxide of nitrogen supports combustion mor£ brilliantly 

than atmospheric air, containing half Its bulk of oxygen in a, 
condensed state, whereas air only contains a fifth part of its 
volume of oxygen. • * % 

152. Introduce a suspended candle, Fig. 9, page 5, after the 

flame has been blown out but with the wick still red, into a jar 
or bottle filled with this gas ; it kindles into a flame and bums 
brilliantly. t 

153. Kindle a wooden match clipped previously in melted 
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sulphftr, and introduce it into another jar or vase filled with 
oxide of nitrogen, having left a little water in to extinguish 
any burning sulphur that may drop from it. The sulphur burns 
with a rose-coloured flame. 

154. Dry a piece of phosphorus weighing 5 or 6 grains with 
blotting paper, and put it in a small copjfer cup about the size of 
FJ #f. 73. a tea s P oon 5 supported by a copper wire fixed to a flat piece 

of 8hcet f copper r Fig. 73, which should be large enough to 
covej; the mouth of p jar cap«ablc of containing 100 or 120 
cubic inches. On kindling the phosphorus, and introduc- 
ing if into the jar filled with oxide of nitrogen, it burns 
with great splendour. 1 , 

155. Charcoal, also, may be burnt in this gas. Put a feAV frag- 
ments of charcoal into a, copper wire cage attached to 
a phit£ of « copper by a Suspending wire. Inflame the 
charcoal by holding it over a spirit-lamp, then intro- 
duce it into a bottle of oxide of nitrogen, Fig. 74. A 
small portion of water should be left in the bottle, in 
case any of the hot charcoal should fall out of the cage, 

156. oOxide of nitrogpn may be detonated with hydrogen by 
* mixing equal measures in a proper bottle, and applying a lighted 

match ; the hydrogen combines with the oxygen of the oxide, 
and nitrogen gas i emai.is. 

157. The characteristic property of this gas is the singular 
action which it has upon the animal economy, a high degree of 
excitement being produced after a few inspirations, which is 
accompanied by a genial glow that pervades the whole frame, 
and the mos' pleasing and thrilling sensations, particularly in 
the chest, with a rapid succession of vivid ideas and increased 
power and disposition to muscular exertion, which it is impos- 
sible for any one to restrain who breathes freely of it. Out of 
nearly 300 gentlemen whom I have seen take it, only four dis- 
liked it, complaining of an unpleasant sensation which pervaded 
the whole body after they had begun to inspire it, but which 
passed away in a minute or two, without leaving any bad effects 
or any disagreeable impression. In another case, the indivi- 
dual fainted after six or seven inspirations, but recovered with 
a kind of start in a few seconds, without subsequently expe- 
riencing any kind of depression. On a ^ew it had no apparent 
effect ; of these, some did not take the gas properly, but one of 
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them, a South American, took a larger doze three times in 
succession than any of the others, and breathed with every 
precaution, after exhausting the lungs as completely as possible 
of atmospheric air, but still without being in the slightest de- 
gree affected by it, a circumstance that attracted our attention * 
more particularly, as if had been lately affirmed in France that 
the effects which are usually ascribtal to it? may be traced more 
to the imagination than to any peculiarity in the gas itself. 
•The others were affected by it in a njanner which removed all 
doubts of the power of this singular gas, even in those who were 
previously impressed with the idea of the accuracy of the state- 
ments made abroad. • 

158. Occasionally it acted so powerfully on the system that 
seven people were required ^restrain a single individual while 
under its influence, and prevent him injuring hftnselt or. others ; 
Tio person, therefore, should breathe freely of it by himself. ^It 
is curious, that the excitation which it produces passes away 
almost as speedily as it is induced, though it occasionally Jeeves a 
gaiety and cheerfulness of disposition for hours afterwards ; nor 
is this state of excitation accompanied* by any subsequent de- 
pression, *as is the case with other stimuli, except when it has « 
given rise to violent muscular exertion, when *it is always ac- 
companied by a corresponding degr ee of*exhaustion. 

159. Another circumstance which I have frequently had an 
opportunity of verifying is, that the more frequently it is taken 
the more easily is the system excited by it. In some cases this 
may Indeed be attributed to th*e ga& not being properly inhaled 
at first, but in many instances which I have seen, different in- 
dividuals who respired the gas frequently with every precaution 
were more affected by it on succeeding trials than at first. 

160. Different individuals require different quantities of this 
gas in order to be affected by it, and by varying the quantity 
the same person generally experiences all the varieties of effect . 
which it produces, from tho most gentle and agreeable stimu- 
lus to the most furious excitement, when he will shew a degree 
of muscular power of which it would scarcely be supposed the 
human frame was suscgptible. In some cases, though the in- 
dividual cannot restrain himself, he is perfectly conscious of his 
own actions and of all ?hat is going on around him ; in otheis 
he recollects nothing from the time a slight giddiness is felt till 
its effects pass away, when he often recovers with a wild, start. 
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as if unconscious of the place where he is, and those by whom 
he is surrounded. 

Several gentlemen who not had previously heard of the nature 
of thi^ gas, nor were aware at the* time of the effect it was likely 
to produce while under its influence, stopped suddenly and ex- 
claimed, 44 That they felt as if they wer& lighter than the atmo- 
sphere, and were gding upwards,” a sensation very often expe- 
rienced by tlyise win* breathe this gas. , 

161. Tp breathe oxide, of nitrogen, an oiled silk bag capable? 
of containing several quarts must be provided, or a bladder may 
be employed if nothing else can be conveniently procured. A 
tube is fixed to the bag, and a brass connecting tube fitted to 
the other end, in order that it may be attached easily to a gaso- 
meter, or any other reservoir frorp which the gas is obtained. 
The tube may lie made either of brass, glass, or hard wood. 
The latter is preferred, as it is not so liable to do any injur^ 
wlien the person breathing the gas has been strongly excited b^ 
it, and t will not part with it. To prevent the bad effects that 
might arise from the too frequent inhalation of the same por- 
tion of* gas, there ougl\t to be an aperture in the side of the 
tube, which may be kept closed by an assistant placing his 
thumb upon it (or by a cork) when llie bag is filling and dur- 
ing the rfespiratioh of t*he gaS ; by opening it when the respira- 
tion of the gas has been continued sufficiently long, and closing 
the neck of the bladder at the same time Vith the finger and 

rig. 75 . thumb, it is rtot necessary to force the tube from the 

IH mouth of the person who has been breathing the g8s, as 

/||\ in this manner he will now respire nothing but atino- 

Uj/ spheric air through the tube. This form of the tube is 
s \ represented in the annexed cut. 

162. Before inspiring the dxide of nitrogen freely, a small 
quantity of it should always be tried very cautiously at first, to 

, ascertain if it be pure. Its taste fa sweet and pleasant, and it 
has an agreeable though faint odour. If the materials of which 
the nitrate of amirionia is made ai*e not pure, the gas is seldom 
good, especially if any sulphate or muriate of ammonia should 
have been present. When it is to be inspired, the lungs should 
be previously emptied as much as possible of common air by a 
deep expiration, and the # gas inspired artd expired into the blad- 
der several successive times, the nostrils being held at the same 
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time by the fingers. The tube should be large enough tq allow 
the gas to pass freely along. When a narrow tube is used, the 
difficulty of respiration is so great that it seldom produces its 
characteristic effects. 

163. When warm-blooded animals are placed in vessels full, 
of oxide of nitrogen, they die in a short time, and the blood be- 
comes purple ; the muscles at the same tiijie lose their irritabi- 
lity ; even fishes die in a short time in water impregnated with 
this gas, 41 


Sect. II. — Binoxide’ of Nitrogen, Nitric Oxide, or 
Nitrous Gas.* 

V • 

Synth. () 2 N, or :N ; Eq. by W. "30.2 ,■ by volume LT^ ( two measure#). 

• Specific y rarity 1.0405. Weight of 100 cubic inches 32.270 
grains. Water absorbs from T V th to ) 6 th of its volume of this gas . . 

When mixed with air or oxygen gas, it produces a dense orange- 
red coloured gas , which is completely absorbed by water* • 

164. The binoxide of nitrogen is anollier gaseous compound 
of nitrogen and oxygen, usually prepared by decomposing nitric* 
acid by means of copper or mertury. , For •this purpose, put 
200 grains of thin copper clipphigs into a tubulated retort, and 
pour upon them 600 grains of nitric acid diluted with one and 
a half times, or twice its bulk of water, the retort being filled 
aboift a third full. An effer^escepce immediately commences, 
the liquid assumes a greenish-blue colour, and the^opper is dis- 
solved ; the binoxide of nitrogen disengaged may be collected 
over the pneumatic trough in the manner represented in Fig. 2, 
page 3. • • 

By applying heat after the gas has ceased to be -disengaged, 
an additional portion may be procured. Great care must then 
be taken to prevent the water from rushing into the retort from 
the pneumatic trough, the watery vapour that passes over being 
condensed by the cold water ; there is no danger of this, how- 
ever, as long as the binoxide is steadily disengaged, after which 

* Nitrous oxide gas is thtl name commonly given to the intoxicating gas of 
Davy. • # 
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the b^ak of the retort may be withdrawn from the pneumatic 
trough. 

Should a more diluted acid be employed, apply heat from the 
commencement of the process. The solution of the nitrate of 
t copper that remains in the retort may be reserved for future ex- 
periments. • 

165. In this process, every three eqs. of copper decompose 
one eq. of nitric aciif, combining with three eqs. of the oxygen, 
and being c (/averted into three oqs. of the oxide of copper, 
Each of these eqs. of oxide of copper unites at the same time 
* with one eq f of nitric acid, forms nitrate of copper, and remains 
iu solution. Thejiitrogen of tliu eq. *of nitric acid which is de- 
composed comes away with the remaining oxygen in the form 
of binoxide of nitrogen. The following diagram conveys a more 
pi ecise idea of tjie manner in which the copper reacts upon the 
nitric a<Sid which is decomposed, the part to the left expressing: 
the materials used, while the other shews the manner in which 
they arrange themselves. 


H K- 7& 


4 eqs. of 
Nitric* 
Acid 
21G.8. 


3 eqs. of 
Copper 
2)5.1 


i 

I 

I. 


llinoxidc of ) 
Nitrogen, f 
Oxygen, ... 
Oxygen, .. 
Oxygen, ... 
Nitric Acid, 
Nitric Acid, 
Nitric AcqJ, 

Copper, 

Copper, 

Copper, 


32.2. 32.2 Binoxide of Nitfogcn. 


8 . 0 . \ 


8 . 0 .«\\ 



31 . 7 . _ 


93.2) Nitrate of Copper. 
93.9 Nitrate of Copper. 
93.9 Nitrate of Copper. 


Symb. 4 :: N & 3 Cu = : N & 3 [:: NCu.J 


166. When mercury % is use A for the preparation of this gas, 
equal weights of this metal and nitric *acid are employed, di- 
luting it with water as before, and applying heat from the be- 
ginning. In other respects the process is conducted in the same 
manner as when copper is used, and the same precautions taken 
as the last portions of gas are disengaged. The theory of the 
process is also similar, the mercury being oxidated by part of the 
acid from which the binoxide is evolved, aftd combining with ano- 
ther portion of acid which is not decomposed, and retains it in 
solution. 
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167. Binoxide of nitrogen is a transparent, and colourless 
gas, easily distinguished froin all other substances by the dense 
orange-red and suffocating vapours that are produced when it 
is brought into contact with oxygen gas or atmospheric? air. It 
does not support the combustion of all inflammable substances, 
burning sulphur and a Righted candle, for example, being im- 
mediately extinguished in it, while phosphorus burns with 
greater brilliancy than usual if introduced into it in a state of 
active combustion. • 

168. To see some of the peculiarities of this gas "in regard 

to inflammable bodies, a suspended candle or a sulphur-match 
may be introduced into a jar of Jbinoxide of nitrogen in the usual 
manner. Phosphorus, agdin, must be allowed to burn a few 
seconds in the open air before it is introduced, otherwise it also 
will be extinguished ; it ma) J>e sup*porto<l in the manner d<*- 
^cribed in 154, page 50. * * • 

169. Hydrogen does not detonate with this gas when tljoy 
sire mixed together and exposed to heat, but burns away with 
a quick tljpugh silent flame, of a white colour tinged with* blue. 
Ecpial measures of the gases may be mixed together for this 
purpose in a long glass jar, and a lighted match applied* to the 
mixture. 

170. When oxygen gas and tfce binoxide of nitrogen are 

mixed together, 6he proportions in whicli they react upon one 
another, and the nature of the resulting compound, are modified 
by a variety of circumstances. Three different compounds, viz. 
hypowitrous, nitrous, and nitricj acids, are formed in various pro- 
portions, according to the relative quantities of the gases, the 
size and shape of the vessel in which the mixture is made, the 
nature of the fluid over which they are mixed, the time they are 
left in contact with each other, apd other circumstances of less 
importance. • # 

171. When an excess of the binoxide is mixed with oxygen 

over mercury, in a tube containing a solution of caustic potassa,* 
every half measurq of oxygon (one equivalent) combines with 
two measures of binoxide of nitrogen (one equivalent) ; and they 
are completely absorbed by the solution, hyponitrous acid being 
formed, which remain*# in combination with the potassa. This 
is the smallest proportion of oxygen with which binoxide of ni- 
trogen can combine. • • 
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17 When two measures of binoxide of nitrogen (one equi- 
valent) are mixed with one measure of oxygen (two equivalents) 
in a wide jar over water, a complete condensation ensues ; all 
the oxygen combines with the binoxide and forms nitrous acid 
vapour, which is speedily absorbed by the water. 

173. Both these compounds (nitrous, and hyponitrous acids) 
are formed when et^ual bulks of atmospheric air and binoxide of 
nitrogen are mixed together in a wide jar. Two equivalents of 
oxygen combining; Mth one of the binoxide form nitrous acid, 
which is flnmediately condensed, while other two equivalents of 
oxygen combine each with one equivalent of the binoxide, form- 
ing two equivalents of hyponitrous "acid, which are also con- 
densed. Hence, as the oxygen reacts on three times its bulk 
of the binoxide, and a complete condensation takes place, on 
dividing the amount of tfie condensation by four, the product 
expresses the quantity of oxygen present in a given bulk of aii; 
It must be particularly noticed, in calculating quantities in this 
experiment, that when equal bulks of air and binoxide of nitro- 
gen tvdet in the preceding manner, one-fifth of the bipoxide re- 
mains unconsumed. 

174. Gay Lussac has found that the quantity of oxygen in 
mixed gases may be determined in the same manner^ whether 
there shall be a larger or smaller proportion of oxygen present 
than exists in atmospheric air, if care be taken always to have 
a sufficient quantity of binoxide of nitrogen present ; the con- 
densation being always uniform when the binoxide is added at 
once to the oxygen in a wide vessel. When a narrow trbe is 
employed foj* mixing the gases, the condensation is not uniform, 
and the resulting compounds are so slowly absorbed, that it is 
necessary to agitate them with the water, when a portion of 
the binoxiefe is at the §ame tiipe absorbed. 

175. These experiments may be made by mixing air and 
oxygen with different proportions^ of binoxide of nitrogen in 
“glass jars over the pneumatic trough, taking a small jar to mea- 
sure the different quantities. Any excess o£ the binoxide may 
be easily detected, by mixing a little air or oxygen with the gas 
in the jar suspected to contain it. If, on the other hand, all 
the oxygen should not have been consumed, on introducing a 
little binoxide of nitrogen, ruddy vapours will be immediately 
produced ; hence, binoxide df nitrogen and oxygen gas may be 
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employed, each to indicate the presence of the other ; -and by 
adding an excess of one to any gaseous mixture containing the 
other, it may be entirely removed, as the compounds which they 
form are so readily absorbed by water. 

176. If binoxide of nitrogen be made to pass through a soliv 
tion of the green muriate or sulphate of iron, a large? quantity 
of this gas is absorbed ; and the liquid becomes quite black and 
opaque when fully saturated with it. This solution was em- 
ployed by Sir H. Davy for •ascertaining the quantity of oxygen 
in any gaseous mixture, as it absorbs it quickly ; it is not much 
relied on now, however, as an evolution of the bii*oxide usually 
accompanies, or at least* speedily follows, th«e absorption of the 
oxygen gas. The change in the appearance of the solution of 
the sulphate of iron, and ^he absorption of the binoxide of ni- 
trogen, may be easily shew** by introducing *the beak of a # re- 
tort from which this gas is escaping, under the surface of the 
liquid placed in a glass vessel. 

Sect. 111.— <1yponitrous Acid. 

Symb. 0 3 N, or :1X Eq. by W. 38.2. 

• 

177. Ilyponitrous acid may lie formed in combination with 
potassa in the manner described in 171, page 55. It has also 
been procured byanixing half a measure of dry oxygen (one eq.) 
with two measures of the binoxide of -nitrogen, and exposing 
tin* orange mixture thus obtained to great cold. It is colour- 
less at 0°, but green at common temperatures# and produces 
much vapour on exposure to the air. Mixed with water, 3 eqs. 
produce 2 of binoxide of nitrogen and 1 of nitric^acid. But if 
mixed with nitric acid, nitrous acid is produced. 

Symb. 3 :N = 2 :N & : sN, — «N & : sN = 2 • • N? 

• 

Sect. IV. — Nitrous Acid. 

. 

Symb. 0*N, or *:N ; Eq. by W. 46.2 ^O. 32 -f 14.2 N.^) ; by vo- 
lume □ (one measure). Sp. gr . of liquid acid 1.452; boils at 
82°. Its vapour i£ of a deep orange-red colour , and rapidly ab- 
sorbed by water. sf). gr. 3.183. W. of 100 c. i. 98.733 grains . 

17«K. r rhis is the compound that has been so frequently 
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alluded, to in Sect. II., and which is formed so abundantly when 
binoxide of nitrogen is mixed with air or oxygen. 

To prepare it in the liquid state, dry nitrate of lead is ex- 
posed to a 'dull red heat in a green glass-retort placed in a sand- 
tyath (see the succeeding section), condensing the vapours that 
are disengaged in a receiver kept cold by 3 , freezing mixture of 
ice and salt ; the heatymay be continued till there is no farther 
condensation of liquid in the receiver. The nitric acid is com- 
pletely decomposed ; the nitrous acid condenses in the form of 
an orange-red coloured fun’iing liquid ; and the oxidated metal 
remains in tho retort. 

179. Liquid nitrous acid evaporates speedily when exposed to 
the air, forming a highly corrosive and suffocating vapour, which 
can support the combustion of a taper or of phosphorus ; while 
other substances, $s sulphur, are extinguished in it, though in- 
troduced in a state of active inflammation. It is extremely acrid 
and corrosive of animal and vegetable matter, and reddens ve- 
getable blue. 

180. -Add a large quantity of water to nitrous acid ; part is 
converted into nitric acid, which remains in combination with 
the water, forming a colourless solution, and part into binoxide 
of nitrogen, which, escapes with effervescence. 

181. Add a smaller quantity of water to nitrous acid, and 
then gradually increase the proportion of water,- till a colour Jjess 
solution is obtained. It passes through a variety of shades of 
colour, from a deep red/lish-brown to a greenish-blue, hyponi- 
trous and nitric acids being formed jn various proportions, i 

182. Nitrous acid is seldom prepared, except for experimen- 
tal illustration. It is produced in numerous experiments by the 
decomposition of nitric acid, and is often employed in combina- 
tion with it. * Should it be required to shew this compound in 
the gaseous state, When prepared by the action of oxygen and 
binoxide of nitrogen gases, the experiment must be conducted 
in the following manner, as it cannot be kept over water or 
mercury, the former condensing and the latter decomposing it. 

183. Dry some oxygen and binoxide of nitrogen gases, by 
placing them in jars over mercury, with fragments of chloride 
of calcium. Then fill half full with the* dry oxygen, a stout 
glass-jar provided with a stopcock, similar to that represented 
by Fig. 46, page 28, in corinetftion with tho bladder apparatus, 
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and capable of containing about 20 or 40 cubic inches. , Con- 
nect with it a flask also provided with a stopcock, and previously 
exhausted by the air-pump ; on depressing the jar in the mer- 
cury, and opening the communicating stopcocks, all tfle oxygen 
is forced into the flask by the pressure of the air. Tte stop- # 
cocks being shut, the jjir replaced on the shelf of the mercurial 
trough, and filled with dry binoxide of nitrogen, it is introduced 
into the flask in the same manner as the oxygen, producing 
dense ruddy vapours of nitrous acid as fhey mingle together. 
The stopcocks may then be shut, and* the flask "renftived from 
the jar. In measuring the oxygen and binoxide j ) f nitrogen, 
the precautions mentioned in J)2, page 30, mpst be attended to. 


Sect. V . — Aqueous NitrkNAcTd. • 

% 

Dry Nitric Acid , Synib. 0 5 N, or ::N ; Eq. by W. 54*2 (0.40 + 
14*2 N). Strongest Aqueous Nitric Acid, Symb. 3H -f 2 : :N. ; 
Eq. by W. 135.4. Sp. gr . *1.5. Aqueous Nitric Acid, sp. gr . 

1 18, Eq. by. W. 72*2, consists of dry Nitric Acid, 54*2 + 18 
water ? Transparent and colourless, but soor^ acquires a straw* 
colour on exposure to light ; emyts suffocatiiig fumesj, when ex- 
posed to the airf and absorbs i^ater. Extremely acid and caus- 
tic 

1§4. Nitric acid has not hitherto been obtained in an insu- 
lated form, and the term is usually applied to a compound of the 
dry acid with two equivalents water. In this state it is some- 
times termed liquid nitric acid, hydro-nitric, or aqueous nitric 
acid, to distinguish it from the dfy acid. # 

185. To prepare this»acid, 101.4 parts of bruised nitrate of 
potassa are put into a plain pr tubulated retort, and exposed to 
heat with 98.2 of sulphuric acid, the product being condensed 
in a glass receive^ When a plain retort is* employed, the sul- 
phuric acid must not be poured down the neck, but introduced 
into the body of the retort by a long funnel, Fig. 53, page 34, 
as any that might remain in the neck of the retort would be 
carried over with the ilitric acid in the subsequent stages of the 
operation, and render the product Impure. The retort is then 
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rig. 77 . placed in a sand-bath, 

consisting of an iron 
basin with a little sand 
in it, the lower part 
resting about an inch 
above the bottom of the 
basin. When it has been 
properly adjusted, and the beak introduced into a receiver, more 
sand is poured' in till the iron-basin shall have been completely 
filled. The body of the "retort maybe covered to a greater 
height with /'and, by placing round it a ring of thin sheet-iron, 
from one to two inches deep, a small piece being cut out on one 
side to allow the neck of the retort to be inclined in the manner 
shewn in the figure. The retort should be of such a size as to 
alfow at least hal** aipinch of sand ^between it and the sides of 
the iron-basin, otherwise it is very apt to be broken when the,, 
heat is raised. 

The iron basin is heated by the furnace used for the prepara- 
tion of oxygen gas, Fig. 11, page 7, to which it is adapted, the 
flange on the outside of the basin resting on the upper part of 
the furnace, while the lower part is freely exposed to the action 
of the fire. The retort is not adjusted till the fire has been 
kindled, and the iron basin pu 1 : in its place. 

186. The degree of heat is legulatcd by the plugs or air- 
holes at the bottom of the furnace, and great care must be 
taken not to expose the retort to a strong heat at first, as the 
mixture is then apt to boil over. The acid that is disengrged 
may be condcpised in a receiver covered by a piece of cloth, and 
kept cold by being placed on a ring of tinned iron, a slender 
stream of water constantly flowing from a large jar or pitcher 
through a syphon, in the manner represented in Fig. 77, above. 
The distillation may be continued till little or no acid is observed 


dropping into the receiver. It must be kept in a glass bottle 
with a ground stopple. 

187. Light green* glass retorts do better for this distillation 
than flint-glass retorts, and should always be preferred when they 
can be procured, as they are not so liable to be broken. Instead 
of heating the retort by a sand-bath, the operation may be con- 
ducted much more expeditiously on the small scale by means of 
a chauffer or lamp ; constant r attention, however, will be neces- 
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sary in this case to regulate the tire, as it is not so easy'in this 
manner to maintain a uniform temperature. 

188. The distillation may also be conducted in flasks with a 
long glass- tube bent at one end in the manner shewn in # the an- 

F, « 7». nexed figure, the condensation of 

the acid being effected afmost en- 
tirely in the*ube. This is a very 
convenient yiethod # of conducting 
the process, and is oftep preferred 
to distilling the nitric acid from 
a retort, though banners find 
some difficulty* in adjusting the 
tube. The nitre and the sulphuric 
Vacid a*e first put into the flajk, 
and a thin tube bent at an Acute angle about* two inches from 
% one extremity, and a very little less in diameter than the neck 
of the flask, is surrounded with some well worked clay, and* put* 
into it. The acid is collected in a receiver, into winch the 
other extremity of the tube fcs introduced. 

189. The following diagram represepts the action that takes 

place. *Everv two equivalents of the common sulphuric acid 
(9£2) consist of two equivalents of water (18) and two of dry 
sulphuric acid (80.2) ; the nitrate of pothssa, on* the other 
hand, is composed of one equivalent of potassa (47.2) and one 
of nitric acid (5*2). The dry sulphuric acid combines with 
the potassa, forming bisulphate of potaksa, and the water goes 
to tlie nitric acid, forming \vith» it the vapour which is con- 
densed in the receiver, dry nitric acid not having® hitherto been 
procured in a free state, as it is always decomposed when dis- 
engaged from any of its compounds if no water Ije present to 
condense ft. * • 


Materia h decomposed, 

’ Water 

08.2 Aqueous 8ul- Water 

phuric Acid,.. Dry Acid 40.L 
( Dry Acid 40.1 
Nitrate of Potassa { Nitric Acid 54.2, 

101 


Pig. 19. 



Products . • 

72.2 Aqueous Nitric Acid. 


,4 \ Potardi 47-2. 127.4 Bisulphate of Potassa. 

Syqib. 2 ( H + & i IN-K « 2 H + s :N & 2 :S + K. 

190. This is the explanation o? the action according to Dr 
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Wollaston and Dr Thomson’s first views, and till lately gene- 
rally adopted. Dr Thomson, however, in his Inorganic Chemis- 
try, remarks, “ when 12.75 parts of nitre are exposed to heat 
in a rqtort with 12.25 of the sulphuric acid of commerce, the 
•specific gravity of the acid that is usually procured is 1.4855.” 
He also remarks that, “ by regulating "the temperature cau- 
tiously, the nitric acid procured, consists of one equivalent of 
acid and one qf water, the other equivalent of water remaining 
in the retort with the potassa and sulphuric acid. In general, 
however, a little more than half of the water comes over with 
the acid, in consequence of the heat to which the materials are 
exposed, and accordingly the specific gravity of the acid ob- 
tained must also vary in proportion to the water combined 
with it.” * 

Mr Philips* or! the other hand, affirms that when two eqs. of 
nitre, four of sulphuric acid, and five of water are carefully' 
iieated, the products are 

108.4 Nitric Acid + 27 Water, and 254.8 Bisulphate of Po- 
tassa + 18 Water. < 

Symb. 2 (: :N + K), & 4 iS + 5 +1 = 2 ::N + 3 II & 
2(2 :S+K)+2H. 

These views arc confirmed by Mr Graham’s researches on salts. 

191. A Smaller Quantity of sulphuric acid is^ in general em- 
ployed for the preparation of nitric acid. The proportions al- 
ready given are nearly those adopted by the ’London and Dub- 
lin Colleges ; the Edinburgh College recommend two parts of 
sulphuric acid to be taken with three of nitre. One equivafent 
of sulphuric arcid (49.1) is sufficient for decomposing an equi- 
valent of nitre (101.4) ; but as it only contains one equivalent 
of water (9) x and as the nitric acid in the nitre requires more, 
a portion of the nitric acid is decomposed, being resolved into 
nitrous acid 'and oxygen. When two parts by weight of sul- 
phuric acid are mixed with three of nitre, it is evident that the 
product will be composed of nitric acid and nitrous acid, and 
this forms what is usually, though Incorrectly, termed nitrous 
acid. The salt that remains in the retort is in this case a mix- 
ture of the sulphate and bisulphate of potassa. The nitric acid 
that is disengaged at first comes away vftth the water of the 
sulphuric acid and is condensed ; towards ?he end of the process 
the nitric acid is decomposed as it is separated, a large quantity 
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of ilenso red fumes of nitrous acid being disengaged, the most 
of which are condensed by the nitric acid in the receiver, if it 
be kept sufficiently cool. , 

192. On the large scale, glass vessels of considerable ^ize are 
frequently employed, being placed on beds of sand gradually 
heated. Iron pots alfco are sometimes used, as in the annexed 
figure (80), earthen capitals a being adapted to them. The va- 
pour is condensed in bjrge earthen receivers 6, provided with 
•earthen stopcocks, and connected together by an earthenware 
tube. Another tube f leads from the bust receiver to a cup or 
basin, in which it is made to terminate in water, so to condense 
any offensive fumes. , * # 



193. In conducting this process on the small scale, 2000 grains 

of sdlphuric acid and 3000 ofmitre will be sufficient to shew the 
difference between the acid procured with this proportion of sul- 
phuric acid, and that obtained when the proportions first given 
(185) are employed. The retort used may be of such a size that 
it shall be rather less than half full when both the nitre and the 
acid have been introduced ; the distillation may be continued till 
a quantity of acid shall have been obtained equal in measure to 
the sulphuric acid employee}. By continuing the heat still longer, 
a little more acid may be procured. • 

194. Nitric acid has usually a slight tinge of yellow, even when 
prepared from nitre with an equal weight of sulphuric acid, occa- 
sioned by the presence! of a small quantity of nitrous acid, formed 
by the decomposition o/ a minute portion of the nitric acid during 
its preparation. To deprive it completely of colour, it must be 
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exposed to heat and boiled, as long as any nitrous acid vapour 
or binoxide of nitrogen is expelled. When the nitric acid has 
been prepared with a small quantity of sulphuric acid, it is ne- 
cessary to expose it to heat for a considerable time before all the 
nitrous acid is disengaged. By exposure to light also, nitric acid 
is in part decomposed, oxygen gas beings evolved, and nitrous 
acid formed, which imparts various tints from a light straw colour 
to a deep orange, according to the quantity produced. 

195. It i^ seldom necessary to expose the mixed acid to heat 
so as to obtain, pure and colourless nitric acid, as it may be used 
for almost alMhe purposes to which the latter is applied. It is 
preferred in some processes from the rapidity with which it acts, 
being almost always more active than the pale acid met with in 
commerce. 

i ' 

196. The annexed' table by Dr*Thomson shews the specific 

gravity of several compounds of nitric acid and water in atomic/ 
proportions, and the quantity of real acid contained in a hundred 
parts of each. He has calculated that nitric acid composed of 1 
atom real acid and 1 atom of wafer, has a specific gravity of 
1.55. But no nitric acid so highly concentrated has hitherto 
been procured. * 


Table of Nitric Acid by Dr Thomson. 


Specific 

Gravity. 

Acid In 100 
parts. 

Atoms of 
Acid. 

Atoms of 
Wa&r. 

1.4855 

76.000 

1 

2 

1.4546 

66.668 1 


3 

<> 1.4237 

60.000 

1 

4 

1.3928 

54.545 

l 

5 

1.3692 

50.000 

1 

6 

1.3456 

46.260 

1 

7 

1.3220 

42.857 

1 

8 

1.3032 

**0.000 

l 

9 

1 1.2844 

37.500 


10 

1.2656 

35.294 

1 

11 

1.2495 

32.574 


12 

1.2334 

31.579 

* C 

13 

1.2173 

30.000 


14 

1.20)2 

2a57l 

1 

15 


197. The following is a more extensj/e table by Dr Ure, 
shewing the quantity of real acid in liquid^nitric acid of different 
specific gravities, which will be found very convenient to refer 
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to in making experiments where acid jf various degrees of 
strength is required. 


Table of Ntiria A cid by Dr lire. 



198. Nitric acid attracts water from the air, and combines with 
it in all proportions, a considerable condensation attending thv 
combination, which is also Accompanied by qn evolution of heat. 
'The greatest degree of condensation takes place according to Dr 
Ure, when 58 parts of acid by weight (spec. grav. 1 500) are 
mixed with 42 of water, amounting to about one- twelfth of the 
bulk of the whole ; thq temperature rises at the same time about 
80 degrees. % ^ 
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199. The aqua fortis of commerce is merely a diluted nitric 
acid prepared by distillation from nitre with diluted sulphuric 
acid. It contains only one-fourth as much acid, according to 
Dr Ure, as the strong nitric acid ; what is called double aA[ua 

fort is ’contains twice as much acid, being half as strong as the 
pale nitric acid. < 

200. The diluted jiitric acid of the Edinburgh College consists 
of equal parts by weight of their strong acid (191) and water ; 
that of the Eondon College is prepared by mixing one part by 
measure of acid with nine parts of water ; and the Dublin Col- 
lege employs three parts by measure of acid to four of water. 

201. The temperature at which this acid boils varies accord- 
ing to the quantity of water combined with it. When its specific 
gravity is L42, it boils at ^48°, an^ distils unaltered ; nitric acid 
df this density consists of 1 equivalent of real acid and 4 of water. 
When its specific gravity is above or below this point, it boils 

a dower temperature, and stronger acid becomes weaker, and 
weaker acid stronger by boiling. Its freezing point varies also 
according to the quantity of watcyr it contains ; acid of the spe- 
cific gravity of 1.420 requires a great degree of cold ( — 41) to 
congeal it. When poured upon snow it causes it to mety speedily, 
and an intense degree of cold is produced. 

202. If exposed to a red < heat in a porcelain tube, it is re- 
solved into oxygen and nitrogen gases, whiefi may be collected 
at the pneumatic trough. To perform thi^ experiment, a tube 
about three-fourths of an inch in diameter is stuffed with frag- 
ments of earthenware (merely tc extend the internal surface), 
and made ta traverse a furnace or large chauffer with a chimney 
fitted to it. A small tubulated glass-retort is adjusted to one 

nd, and a bent glass-tube to the other, the joinings being ren- 
dered tight with, pieces of linen or cotton cloth and the chalk 
lute ; the 'extremity of the glass-tube is made to dip under 
the shelf of the pneumatic trough.* The arrangement of the ap- 
paratus will be easily understood t\y referring to Fig. 31, page 
20. A small quaiitity of nitric afcid is poured into the retort, # 
and when the porcelain tube is at a full red heat, the acid is 
made to boil by a small chauffer or spirit-lamp placed below it. 
The stopple is then put into the retorttfnot before, lest water 
should rush from the pneumatic trough into the porcelain tube) 
and the acid vapours arc decomposed as they pass through the 
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red hot tube, the oxygen and nitrogen gases being collected in 
jars placed over the trough. The porcelain tube ought not to 
be exposed to a strong heat at first, but gradually brought to a 
full red heat, as it is then not? so liable to be broken. '• 

203. Nitric acid emits very acrid fumes when exposed to the 
air ; it possesses in a very eminent degree all the characteristic 
properties of an acid, corroding animal and vegetable substances, 
reddening the vegetable blues, and formirfj* salts with the diffe- 
rent salifiable bases. Its taste is intensely sour and # acid, even 
when diluted with a large quantity of water ; and^it stains the 
skin of a yellow colour, whiefy remains till tfie cuticle is com- 
pletely abraded. It affords oxygen to metals and combustible 
bodies, many of which decompose it with great rapidity, being 
usually diluted with water this purpos^ or # exposed to he'At 
along with them ; all the oxygen, however, is not withdrawn 
troin the nitrogen, binoxide of nitrogen and nitrous acid being ( 
generally disengaged during the action that takes place. 

204. From these properties, nitric acid is often employed to 
oxidate a variety of substances. There are several peculiarities 
in its action, however, more especially \tfhen it is of the ‘specific 
gravity df 1.48, which have not been fully investigated. Thus, * 
antimony has less action with nitres acic\ of tlje density of 1.48, 
than when it is c4ther a little stronger or a little weaker. Tin 
scarcely affects nitric acid of this strength, but, on adding a little 
water, a violent reliction takes place. Soipe singular phenomena 
connected with the action of qitric acid, more particularly with 
iron and bismuth, have been investigated lately Jty Professor 
Schoenbein, Dr Andrews, and Dr Faraday. It is maintained, 
that after a wire of iron has been merely dipped in nitric acid of 
the specific gravity of 1.4, it acquires a peculiar condition, and 
becomes comparatively inactive or mutral in this acid. This has 
been attributed by some authors to a peculiar electric condition, 
but Dr Faraday considers that it may depend merely upon the* 
metal acquiring a f crust of* oxide. Metals •often take oxygen 
both from the acid and the water ; when this occurs, the hydro- 
gen of the water unites with the nitrogen of the acid, forming 
ammonia, which combines with part of the nitric acid that is not 
decomposed, forming n\rate of ammonia ; this explains the ap- 
pearance of the white fumes which Are often seen intimately 
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blended with the nitrous acid vapours that are formed when this 
arid is decomposed by a metal having a great affinity for oxygen. 

205. If a current of binoxide of nitrogen gas be transmitted 
through colourless nitric acid, a* large quantity of this gas is 
* absorb?^, and the acid speedily acquires a light straw-colour, 
which deepens to a reddish-brown, and # passes through various 
shades of olive and %reen, till it at last becomes almost blue. 
The. apparatus best adapted for this purpose is a fik-hi. 
retort or a flask with two# tubulures, one for in- ^ 

trod (icing the materials for preparing the bin- 
oxide, and the otljer for a beqt glass-tube, which j \ 
is accuratel y fitted to it by grinding, a»d intended l J 
to conduct the gas to the nitric acid to be im- 
ppegnated with it ; the aeSl may Ve placed in a 
common white glass-bottle. 0 

200. An apparatus such as represented by Fig. 82, is fr£- 
Fig. 02 . quently used for preparing and transmitting 
Y « gases through liquids, when the application 

I of heat is unnecessary. Should one of this 

AA r A A I form <bc employed on the present occasion, 

|| I [L-J ^ copper clippings must be put into 'lie bottle 
cEJ 10 with the long tube funnel, and colourless ni- 
tric acid into the other. After adjusting the* connecting tubes, 
diluted nitric acid is poured upon the copper through the tube- 
funnel ; the excess of gas may be collected at the pneumatic 
trough. 

207. The change of coloiirr arises from the binoxide of nitro- 
gen taking oxygen from the nitric acid, both being converted 
into nitrous acid, the one by losing and the other by gaining 
oxygen, till depth of colour varying according to the quantity 
of binoxhhj absorbed. Hyponitrous acid is also considered to 
be formed, especially as the action advances and the proportion 

"of binoxide of nitrogen is increased. On exposing the colour- 
ed acid to heat, nitrous acid and Jfinoxide of nitrogen are dis- 
engaged, and it becomes eventually transparent and colourless. 

208. If small quant ites of water be added to the strong 
„ fuming acid (composed of nitric and nitrous acids) prepared by 

distilling nitre with two-thirds of its wqfght of sulphuric acid, it 
gradually loses its deep orange-red colour, and passes through 
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various shades of olive, green, and blue. If a larger quantity 
of water be added, it becomes quite colourless. 

209. The nitric acid of commerce is often contaminated with 

sulphuric and hydrochloric acids, the former arising from the 
distillation of the acid having # been conducted in a careless man- 
ner, and the latter, from the nitre employed containing some* 
salts of chlorine. To detect the presence of these acids, the 
nitric acid must be diluted with three or four parts of water, 
and solutions of nitrate of baryta and nitrate of silver added to 
separate portions of the acid in a glaJfes. If any sulphuric acid 
be present, the nitrate of baryta causes a white precipitate, sul- 
phuric acid always combining with baryta when they meet in 
solution, and forming an* insoluble compound, the sulphate of 
baryta. Nitrate of silver produces the same effect when hydro- 
chloric acid is present, the Ailorine \one o£ tlqj elements of the 
^hydrochloric acid) combining with the metallic silver, a*hd form- 
ing a white curdy precipitate. In applying these tests, it is* al- g 
ways necessary to dilute the nitric acid with distilled water, as 
strong nitric acid, whether pure or not, in many cases gives a pre- 
cipitate with saturated solutions of salts, the nitric acid combining 
with the water that retains the salt in Solution, while tlie salt is 
precipitated in the solid form. # • 

210. The best method of separating sulphuric arid from ni- 
tric acid, is to r£-distil the aekl with an additional quantity of 
nitre, the sulphuric acid combining with the potassa, and dis- 
engaging an equivalent portion of nitric acid. When nitric 
acid is prepared from sulplyirie g acid and nitre by a slow lire, 
using two parts of the acid, by weight, with thfee of nitre, I 
have never seen the product contaminated with sulphuric acid. 

211. To separate hydrochloric acid, nitrate of silver must be 
added to it, and the pure acid separated by distillation. It will 
be found much more convenient when pure nitric acid is re- 
quired, to examine if the qitre from which it is to be prepared 
contain any chloride of sodium before distillation, as this is the 
ingredient that gives rise afterwards to the production of the 
hydrochloric acid. Its presence is easily ascertained by adding 
a few drops of a solution of the nitrate of silver to a small 
quantity of the uitrealissolved in distilled water, a white curdy 
precipitate appearing immediately, more or less copious, ac- 
cording to the quantity it may cohtam ; the transparency of the 
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solution is not impaired when the nitre has no common salt 
mixed with it. (See nitrate of potassa for the method of purify- 
ing it from common salt). 

212. Nitric acid is easily recognised by the facility with which 
it is deqpmposed by iron, zinc, tin, copper, or mercury, ruddy 
fumes being immediately disengaged. The vegetable alkali 
morphia lias lately been proposed by Dr CfShaughnessy as a test 
of nitric acid ; a smalhparticle being placed on a piece of paper 
or card, and touched with a minute drop ‘of the liquid under ex- 
amination ; if it be concentrated nitric acid it instantly becomes 
yellow, and, in a few seconds, of a fine vermilion red ; when the 
acid is diluted, it jnay be heated with the morphia in a test 
tube. Gold leaf is also used to detect nitric acid in solutions 
containing no chloric nor chromic acids, a few drops of hydro- 
chlpric acid being added aJong wittl it ; if any nitric acid be 
present, it decomposes the hydrochloric acid, and liberates a 
portion of chlorine (one of the elements of hydrochloric acid). 
Which dissolves the gold. 

213. When the proportion of nitric acid in any solution is 
extremely small, it will be advantageous to concentrate it by 
evaporation after neutralizing with potassa, and filtering through 
paper, should this be required ; the potassa prevents an f of the 
nitric acid from being carried away by the watery vapour. 

214. Dilute three or four drops of nitric acid with half a dram 
of water, add a solution of potassa to neutralization, and eva- 
porate that crystals of nitre may be deposited.*' * 

215. Fuse a few fragments of the crystals in a glass tube with 
half a grain of charcoal previously powdered ; a deflagration takes 
place, and carbonate of potassa is left. Dissolve it in water and 
put a drop of the solution on turmeric paper ; it is immediately 
turned brown. 

216. In all cases where the nitric acid -is in combination with 
potassa, or any other salifiable base, as in the example mentioned 
in* paragraph 213, above, an acid (the sulphuric is generally 
used) must be added f,o detach it, before any of the tests can in- 
dicate its presence. 

217. The salts of nitric acid are generally soluble in water, 

easily decomposed by heat, and deflagrate with inflammable sub- 
stances. It is easily separated from all itsp combinations by sul- 
phuric acid, aided by the application of a gentle heat. * 
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218. Nitric acid is much used in the arts. From the facility 
with which it affords oxygen, it is employed in a great variety 
of chemical processes, as in the preparation of the nitrates of 
mercury, tin, copper, and bismuth ; for etching on copper ; to 
form aqua regia (the solvent of gold) with hydrochloric acid, in , 
the preparation of nitrio ether, &c. Diluted with a large quan- 
tity of water, it is used internally as a toijic, and occasionally 
with success, it has been affirmed, in counteracting the consecu- 
tive effects of opium. Strong nitric acid is also occasionally em- 
ployed as an espharotic, and for fumigating apartments and de- 
stroying contagious effluvia, as proposed by Dr ^Carmichael 
Smith ; for the latter purp’ose it is disengagecWrom nitre in the 
form of vapour, by heating it with sulphuric acid in a cup placed 
in a ladle containing hot sand^ 


Sect. VI. — Atmospheric Air. 

JBV/. hy W. ‘36.4 ( Nitrogen , two equivalents, 28.4 + 8 Oxygen )! Its 
specific gravity is reckoned 1, being take as the standard com- 
parison^in estimating the specific gravity of all other gases . It is , 
about 815 times lighter than water . 100 c. £. weigh 31.0117 

grains. Mean pressure in this country* =z a Column of mercury 
20.8 inches high, of water 33.7 *2 feet ; or = a weight of 14.6 lbs. 
on the square inch* 

211?. Scheele’s interesting experiment which led more imme- 
diately to the discovery of the composition of atmospheric air, 
may be easily repeated. Pour two ounces of a solution of the 
sulphureted hydrosulphate of lime (the quadrisulphijret of Dal- 
ton) into a bottle capable of corftaining* about twelve ounces, 
closing it accurately with a glass stopple, and openftig it under 
water after it has been left there for some time. Scheele allowed, 
the bottle to remain for tw<* weeks before he opened it ; but if 
it be frequently agitated, the* stopple may be taken out in half 
an hour, when water will immediately be forced in by the at- 
mospheric pressure in place of the oxygen of the air included in 
it, the greater part of \\hich will have been absorbed. 

220. Introduce a lighted taper suspended by a wire into the 
remaining gas, viz. nitrogen ; it is immediately extinguished. 
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221*. Light a taper supported on a float of wood or tin, place 
it upon the shelf of the pneumatic trough, and put a glass jar 
Fig.** over it. At first, part of the included air is 

^ n. expelled in consequence of the expansion pro- 

' j duced by the heat during combustion ; the flame 

‘ then appeal’s languid, and is soon extinguished, 

event before the whole of the oxygen is con- 
sumejl. Water rises in the jar, being forced 
U P 111 plaoe of the air expelled at first, and of the* 
_^ ^==-=~ - oxygen consumed. Part of the oxygen consumed 
united with 'hydrogen from the inflammable matter, producing 
watery vapour, which condenses on the cold glass. The remain- 
ing portion combines with carbon, and produces carbonic acid 
gas. which is slowly absorbed by t|je water. 

222. Whey the constitution of atmospheric air, and the ne- 
cessity of the presence of oxygen for supporting respiration and 

< combustion, had been ascertained, many were inclined to at- 
tribute the noxious effects of certain states of the atmosphere to 
a diminution in the proportion of t\i is gas. The discordance in 
the resists of early experimenters with respect to the quantity of 
e oxygcn they found in it, gave some countenance to this^opinion ; 
but more accurate researches have since shewn that the propor- 
tion of oxygen and nitrogen ifi the air is the same in all quarters 
of the globe, and at all elevations'* to which man has reached. Tlic 
Eudiometer, now so much employed, derived sits origin from this 
opinion, being an apparatus intended for examining the purity 
of, or rather the quantity of exygen in, atmospheric air, buf now 
used also foi ,c estimating the proportion of oxygen in mixed gases. 
The method of employing binoxide of nitrogen and hydrogen 
gases for ascertaining the quantity of oxygen in air has been al- 
ready pointed out. Vcflta's aifd Dr Ure’s Eudiometers will be 
described uffder Electricity. Since the discovery of the action 
pf spongy platinum upon mixtures of oxygen and hydrogen, it 
lias been generally employed in ascertaining the amount of oxy- 
gen and hydrogen in any gas. r • 

223. A mixture of hydrogen and atmospheric air either does 
not explode, or at least very imperfectly, unless a particular pro- 
portion be observed. According to Dr l^alton — 

Common air ami hydrogen in which the oxygen is only r jth, or 
from six to seven per cent, of the whole mixture, do not exptode. 
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Common air and hydrogen^ in which the oxygen is only f^th, or 
seven per cent., explode imperfectly, leaving both oxygen and 
hydrogen. , 

Common, air and hydrogen , ip which the oxygen is from -^th to 
„^r.th, or from eight to fourteen or fifteen per cent., fire, leaving 
hydrogen and azote oifiy. * 

Common air and hydrogen , in which this hydrogen is ~ tli to 
?th, or from fourteen tp thirty per cent., {jre, and leave oxygen 
•and azote only. * % 

Common air and hydrogen , in which the hydrogen is |th to ^th, 
or from eight to twelve per cent., fire imperfectly, mid leave oxy- 
gen, hydrogen, and azote* * # 

Common air and hydrogen , in which the hydrogen is T j tli, or less 
than seven per cent., do no\ explods. 

When explosion does not ensue, on adding ti given portion of 
•oxygen or hydrogen, which must be allowed for afterwards in 
estimating the proportions, the mixture may be detonated in* the? 
usual manner. 

224. Phosphorus has also been employed for eudiometrical 
purposes, a stick of this substance beiqg introduced into the air 
to be examined in a jar or tube placed on the shelf of the pneu tf 
matic trough. The white vapours, formed Ify the phosphorus 
combining slowly with the oxygeti, are*cond6nsed by the water ; 
the nitrogen is left, increased, however, by about 3 l a th part in 
volume, by combination with a little phosphorus. The phos- 
phorus must be allowed to remain in th # e jar for a considerable 
time to withdraw the oxygerf completely. 

225 Professor Hope’s eudiometer, which is Represented in 
fi*}. M. the annexed figure, consists of a tube into which the gas 

i to be examined is introduced, about 9 inches long, closed 
at one end, and ground* at the # other, so as to fit accu- 
rately into the neck of a bottle, which may be 2 or 2£ 
inches in diameter, and 3 inches deep. It is filled wijfch 
a solution of the tnilphureted hydrosulphate of potassa 
or lime, placed under water, and the tube with the gas 
immediately fixed into it under water. It is then taken 
out of the water and inverted, the gas mixing with the 
liquid in the i\ottle, which speedily absorbs the oxygen, 
whjn they are briskly shaken together. The stopple in the tu- 
bulure, at the lower part of the bottle, should be rubbed over with 
a little gas lute, and fixed firmly in its place before pouring in the 
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liquid liydrosulpliate ; and on taking it out afterwards from time 
to time under water, a portion of this liquid is forced in, in place 
of the oxygen absorbed ; by observing the height to which it rises 
in the tube, which ought to be divided into a hundred parts, the 
per-centage of oxygen is ascertained by bare inspection. The 
rapidity With which oxygen is absorbed by the sulphureted so- 
lution is influenced mach by its strength, and it has been af- 
firmed that a small portion of nitrogen is absorbed along with 
the oxy gen, o when water carefully ffeed from nitrogen by boil- 
ing is used in preparing the solution. 

226. Atmospheric air always contains a small quantity of 
watery vapour and" carbonic acid, Which may be easily detected 
by potassa and lime-water. The potassa attracts the water and 
becomes liquid ; the lime in*the liiqo- water combines with the 
carfconic acid apd«for*fis an insoluble compound, which collects 
as a crust on its surface. The dry potassa may be placed on a * 
plat6, and the lime-water should be put into a broad shallow 
dish, so as to expose an extensive surface to the air. Besides 
these, il must often contain a great variety of other kinds of 
volatile matter, though iijt too small a proportion, in general, to 
be rendered sensible by any means of analysis which we, at pre- 
sent possess. Seg Drying of Gases, Ventilation. 

227. The chemical agency oV atmospheric air depends prin- 
cipally, so far as we are acquainted with it, upon the oxygen 
which it contains. It is the oxygen that supports combustion 
and respiration ; and, indeed, in all those chemical changes that 
are constantly going on at the surface of the earth, in which 'at- 
mospheric air riets an important part, the oxygen has always been 
found to contribute to the new arrangements which take place, 
while the nitrogen appears seldom to undergo any alteration. 

228. The moisture in Vhe air And the carbonic acid come into 

play in numerous operations, and the very variable quantity of 
watery vapour present in different places and at different sea- 
sons affects a number of operations in. the arts, which have only 
of late years begun to he particularly noticed. ' In summer, the 
amount of moisture in the air is much greater than in winter, 
which is supposed to be the principal cause of the very inferior 
quality of iron which is manufactured in s/ine places where the 
season is warmer than in t£iis country, and, in consequence of 
which, this process is seldom continued except in the winter 
months. * « 
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229. Fill a capped receiver a, with hydrogen 
gas. Exhaust the flask h of air as much as pos- 
sible by a syringe, and then join the flask and 
the receiver by the connector c . On opening the 
communicating stopcocks, the receiver being de- 
pressed in the water of the pneumatic trough, 
part of the hydrogen is transferred to the flask. 
The receiver should be depressed so that the 
water shall be at the saine level within and with- 
out when the flask is charged with gas.* This is 
the manner in which flanks are generally filled 
with gases, in estimating their specific gravities. 
Where a mercurial trough’ can be obtained, it 
should be preferred in all cashes when^the gas to 
be examined has no action witty mercury « 



230. A syringe 
or an air-pump is 
employed to ex- 
haust flasks, re- 
torts, &c. of atmo- 
spheric air. The 
annexed figures il- 
lustrate the man- 
ner in which tlu? 
same syringe may 
be made to exhaust 
or compress air, 
according to the 
part of it to which 
the flask is attach- 
ed. The valves 
have been placed 
so as to give an 
idea of the manner 
in which they come 
into play, rather 
than the actual 
position they are 
made to occupy in 
the syringe itself. 
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As the piston a , Fig. 86, descends in the barrel bed, the air be- 
tween a and b becomes more and more compressed till it acquires 
sufficient density and elastic force to open the valve b , when it is 
gradually forced into the flask /, the position of the valve pre- 
senting its return. But the air in the flask h expands when a 
void has' been formed in the barrel (Fig. 87), and forces open 
the valve at the stopcock e ; and the air originally included in h 
now divides itself between h and the barrel, and when the piston 
again descends, the air now in the barrel is transferred as at 
first to the flty$k /. By continuing to work the syringe, more air 
is extracted*, from h and compressed into / until the expand- 
ing air in f becomes of too weak elastic force to open the 
valves. Even then, however, a still greater degree of exhaus- 
tion may be effected by lining values which can be opened and 
shut mechanically, the piston i& moved in the barrel. These, 
however, are rarely used, except in the construction of air, 

° puinps. 

231. It will be obvious that the Hask h may he exhausted, 
though no second flask f be attacl^ed to the syringe, the valve b 
opening outwards, and permitting the exit, but not the entrance, 

c of air. Also, a flask placed where /is represented in the figure 
may be charged 'with compressed air, though none be exhausted, 
the valve e permitting the entrance, but not the exit, of any air. 

232. Exhaust a flask by the syringe, shut the stopcock, sepa- 
rate the flask from the syringe, and open fjie stopcock under 
water ; observe the quantity of water which is forced into the 
flask by the pressure of the atmosphere. 

233. For<& air into a flask by the syringe, shut the stopcock, 
remove the flask, and open the stopcock under the shelf of the 
pneumatic Jrough, a jar having been placed over it. The addi- 
tional quantity of air forced into the flask will now rush out, and 
may be collected in the jar. 

. 234. The extreme elasticity (compressibility and expansibility) 
of air and other gaseous fluids continually demands attention in 
numerous pneumatic operations, as a very slfght change of tem- 
perature or pressure causes a comparatively great alteration in 
their bulk. Gaseous bodies increase in bulk on raising their 
temperature, or diminishing the pressur^ upon them ; they con- 
tract on lowering their temperature (less resistance being then 
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offered to the pressure by which they are confined), and on in- 
creasing the pressure. 

235. The air-pump consists essentially of a syringe a, which 
is usually connected by a tubp proceeding from the exhausting 
extremity of the syringe, with a very smooth circular plate of 
brass on which is placed a glass receiver fi, ground fiht at the 
edges. To make the connection air-tigh4, the edge of the re- 
ceiver is usually besmeared with a little ^lard, or an extremely 
■thin ring of sheet caoutchbuc may be placed upon the plate 
where the glass receiver rests upon it. Plates of glass or of 

slate are occasionally substituted 
for the brass' 'plate. Any mate- 
rials to be subjected to experi- 
ment are placed in vessels with- 
in the re^eivw. The figure 
shews the position of the valve 
during the ascending movement* 
d of the piston, the air in the re- 
A ceiver expanding during the as- 

cent of the piston, p$irt of it 
s l rushes out and opens the valve 

4jpV > L_>v_| g as it is relieved from superin- 

ilimbe'At pressure. During the 
descent of the piston, the vaWe prevents the return of the air 
now in the bayvl, which forces open and escapes through a 
valve in the piston itself. Both valves t)pcn outwards. 

*236. To indicate the degree of exhaustion in the receiver, a 
barometric tube h is connected with it, or more frequently with 
the tube coming directly from it, and is placed so as to dip into 
a cup of mercury g e t a false bottom 0 , made of leather, support- 
ing the mercury, so that the surface the mercury g may be 
properly adjusted, by turning the screw f The mercury with- 
in the tube A, and without » in the cup, should stand precisely at 
the same level immediately before commencing any experi- 
ment with the air-pump, the mercury risirtg higher and higher 
in the tube k> the greater* the degree of exhaustion. Were 
the vacuum complete, the mercury would rise to the same 
height as in the common barometer at the time. The diffe- 
rence shews the force in inches of mercury of the air still in the 
apparatus (240). 
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237/ Fill a stout barometer tube, about forty inches 
long, and closed at one end with mercury, and insert 
it in a tumbler of mercury, Fig. 89. The moment the 
finger 9r thumb is withdrawn from the open end, the 
mercury descends about ten inches in the tube. The 
space thus left void is usually termed a Torricellian va- 
cuum. The mercury descends till the pressure of the 
remaining part of th?, column is exactly equal to the 
pressure of the external air. The mercury within the 
tube and the air without are each pressing on the mer- 


Fi*. w. 




cury in the gEass j^r, and miitually balancing each other, 

238. The plate of the air-pump is adapted for receiving 
a great variety of apparatus, and frequently the syringe is 
attached to a main tube y / (Fig*. 90), from which a series 

of tubes may be led, 
each connected with a 
plate, and each of which 
can be used singly by 
opening the proper stop- 
cock c or d 9 as the syringe 
is worked. Any* experi- 
ment, accordingly, hav- 
ing beefi commenced, it 
may be continued with 
the vacuum already ob- 
tained, after the stop- 
cock below the plate has 
been turned, and a new 
operation commenced on 
another plate. 



239. Put the long barometer tube and the cup of mercury, as 
'they are represented (Fig. 89), upon the plate of the air-pump. 

Place over it a capped jar or receive** J, Fig. 90, and screw up- 
on it a long tube, so” as to include the barometer tube in the 
manner shewn in the figure by bkl, m On working the air-pump, 
the mercury falls in the barometer tube within the air-pump re- 
ceiver as the air is exhausted and the pressure diminished upon 
the surface of the mercury in the cup. 

240. The mean force with which the air presses upon the 
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.surface of the earth at the level of the sea is similar to that which 
would be exerted were the air entirely removed, and a weight 
of 14.6 pounds avoirdupois, laid upon every square inch of sur- 
face, or equal to a column of mercury 29.8 inches, or to a column 
of water 33.72 feet high. Thus every inch of a column of meiy 


cury indicates a pressure of 0.489 lb. avoird. nearly half a pound. 


241. As the pressure of the atmosphere is not 
constant, however, varying in this country nearly to 
. the extent of three inches in the height to whieli it^ 
supports the column of mercury at (lifferent times 


(from 28.1 to 30.8 inches) ; in all operations with 
the air-pump, where a precis*# experiment iif to be 
performed, the pressure of the atmosphere at the 


time should be ascertained b # y reference to the com- 
mon barometer. * •» • 


242. In experiments where the exhaustion is to 


Fi«. 91. 



be carried to a considerable extent, a small gage, 


represented in the above figure, 91, is often used. 
It is screwed into any part, of the tube that commu- 
nicates between the air-pump receiver, and the sy- 
ringe. When the air remaining in the apparatus 
becomes of less force than that of the mercury in 
the vessel c above the level of tUat in a, the* mercury 
falls in c and rises in a. Aftel that, the difference in 
level shews the elasticity of the remaining air in inches 
of mercury. The more nearly the mercury in c and 
a is* on a level, the greater {she degree $f exhaustion 
indicated. In no case is the air entirely extracted 
by the syringe or air-pump from any vessel attached 
to it. § 

243. Attach a glass tube terminating In a ball to the 
tube that rises through the air-pump plate (Fig. 92), 
exhaust it, and shut the stopcock opening it afterwards 
under water. The pressure of the external air forces 
water with rapidity into thd tube and ball.' 

244. Place a glass or jar upon the plate of the 
air-pump ; pour a little water into it, and invert a 
flask half full of wat^r in it, leaving it without any 
cork or stopple. On working the ajr-pump, the air 
in the flask expands, pushes out the water in the 
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flask, <md part may escape from the flask itself, should the 
exhaustion be continued. On admitting atmospheric air into 
the receiver again, the thin and attenuated air within the flask 
cannot resist its pressure, but is reduced to its original dimen- 
sions as the water in the jar is forced back into the flask, along 
with an additional portion that may supply the place of any part 
of the air that has escaped from the flask. 

245. The pressure of the atmosphere is frequently removed in 
numerous experimental processes and operations of art, by con- 
densing steam in different kinds of apparatus, after it has expelled 
atmospheric ftjr from the vessel into which it has been introduced. 
A simple illustration of the principle Upon which these ] processes 
are conducted may be easily given by boiling water briskly in a 
flask, corking it tightly when the air has been expelled, and then 
plunging the flask sdtemately in 
cold and boiling water, as in par- 
120-1 page 38. In this manner, 
water may actually be made to 
boil by placing it in a medium at 
(50°, which will quickly abstract 
beat and condense the vapour ; 
but if the flask he now plunged 
in boiling water, « the ebullition 
is immediately arrested ; the superincumbent steam is no longer 
condensed, it presses upon the surface of the .water, and opposes 
ebullition. See Fig. 93. 

» Fig. 94. 
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246. In Mr Harry’s process for inspissating vegetable extracts, 
distillations in vacuo, &c., the still a (Fig. 1)4) contains the matter 
to be distilled, and is carefully luted to prevent any communi- 
cation between it and the exterior vessel in which it is placed. 
The receiver g is filled with steam from the pipe attached to it, * 
by opening the stopcock i, the air being expelled by f or h. 
When f 9 A, and i are shut, cold water is tlicntaade to sjirround g, 
and when the steam is condensed, the stcf)cock e. % communica- 
ting between a and g, is opened. As, there is a vacuum in g, 
the air at first in a now divides itself between a and g ; the 
stopcock e is then shut, ^.filled with steam ai^iiifTand the air 
expelled from it. On condensing the steam as before, and 
opening e, the residual air in a is divided as at first between a 
and g. This is continued tilt the vacuum in a and g is consi- 
dered sufficient ; and then, g being kept co*Jfl and empty, and 
fifl the stopcocks connected with g being shut, except e, steam 
is introduced into the vessel surrounding a bv opening the stop- 
cock ft, and the juice evaporated by the heat of the steam Or 
warm water may be introduced around the vessel «, and the 
distillation may be tamed on at a very low temperature* Any 
vegetable juice may thus be inspissated at a temperature so low 
that there can be no clanger of the # extract, being injured by the 
heat. In a vacuum liquids boil # at about 140° Fahr. below their 
usual boiling points. Thus if a vegetable juice requires a tem- 
perature of 230° tr/ boil it under the atmospheric pressure, it may 
be bqjled at about 90°, by using the above apparatus, and ren- 
dering the vacuum very complete. A thermometer may be 
placed in the liquid a with the stem exterior, so as to indicate 
the temperature at which the evaporation is going on. 

247. In the refining of sugar, the pressure of the titmosphere 
is removed from the surface of the syrup to be concentrated by 
an air-pump worked by a steam-engine, and the vapour pro- 
duced on the application of lioat is constantly withdrawn in the* 
same manner. The comptfTjitively low temperature at which 
the syrup can thus* be concentrated, removes the danger of de- 
composing the sugar, and rendering it more or less brown. 
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CHAP. IV—rSULPHUR. 

Symb. S. Eg. by XV. 16.1 ,* by volume .166 of one measure. Its 
usual specific gravity is 1.99 ,* by throwing it when melted , and at 
a temperature of ah out 450°, into water , it is increased to 2.825. 

* * 

248. Sulphur is a solid inflammable substance of a light yel- 
low colour, 'very brittle, with little Qr no taste, and emitting a 
peculiar odour when rubbed, ft is an abundant production of 
the mineral kingdom, and is found chiefly in volcanic countries. 
It frequently occurs in pyramidal crystals ; and when melted 
and cooled slowly,* it always presents a crystalline structure. 
Sulphur is also found in combination with a number of the 
metals, as iron, lead, copper, and antimony ; by exposing the 
common yellow iron-pyrites (bi-sulphuret of iron) to a red heat 
in close vessels, it may be procured in considerable quantity ; 
rising In vapour, which is conducted under water and condensed. 

249. When exposed to heat, it melts at the temperature of 
216° or 220°, and becomcs 0 very thin and fluid at 250°. The 
roll sulphur of commerce is prepared by pouring melted sulphur 
into cylindrical moulds ; it gives a crackling noise when held in 
a warm hand, and often falls to pieces, having little cohesion, 
and being unequally expanded by heat, as it is a bad conductor 
of caloric. When exposed to a stronger heat, instead of be- 
coming more thin and fluid, as is generally the case with other 
liquids, it soon begins to turn thick and viscid, and at the tem- 
perature c£ 450°, the vessel containing it may be inverted with- 
out any of c the sulphur falling out. By a further increase of tem- 
perature it becomes a little more fluid, and if it be then poured 
into water, it forms a soft and tenacious mass, quite transparent, 
which assumes the usual appearance of sulphur when kept for 
some time. All these circumstances may be easily seen by 
heating sulphur in a dry flask over a chauffer or lamp, support- 
ing it on a retort-ftand. 

250. To obtain large crystals of sulphur, tlje best method is 
to melt one or two pounds in an earthen crucible or large basin. 
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and invert it after it has been removed from the fire and a 
crust formed on the surface, a small hole having been made to 
allow the sulphur that is still liquid to flow out. When the 
crucible is quite cold, it must *be carefully broken, and crystals 
of sulphur will be found in the interior. On the small scale/ 
melt one or two ounces' of sulphur in an evaporating basin, al- 
low it to cool, and when the surface is # nearly covered , with 
crystals, pour out as quickly as possible any sulphur that may 
tftill be fluid. The sulphur already solidified shews* a highly 
crystalline texture. 

251. Dip a conical glass tube into water, .ancT* drain off as 

much as possible, leaving the surface of the glass damp. The 
neck of a broken retort does very well for this experiment. 
Place the narrow end in a sAnall mass of # ela^, allowing it to 
rest perpendicularly, and supporting the wide end by*resting 
ii against the ring of a retort- stand, or by placing it in apy 
other convenient situation. Then pour melted sulphur into the 
tube, having given it no more heat than was necessary to ren- 
der it fluid. The sulphur gradually consolidates, and when 
cold, it may be easily removed by tapping gently the 'conical 
tube. On the large scale beechwood moulds arq generally used, * 
consisting of two pieces, which are separated when the sul- 
phur is cold. • « 

252. Paste a slip of paper close round the sides of a glass 

seal, plaster of P&ris mould, or any other matrix of some sub- 
stance not acted on by sulphur, so as to have a rim formed 
round the edge capable of holding sulphur to the depth of half 
an inch or more. Pour melted sulphur upon the seal or mould, 
and allow it to cool. A cast is obtained in this manner with 
a very accurate impression, whiph separates in general with 
great facility when completely cold. By rubbing a Jittle oil on 
the surface of the mould, and removing the most of it with cot- 
ton, before the sulphur is poured upon it, the separation is still* 
more easily effected. * « • 

253. Impressions of coins and medals may be taken in the 
same manner. These are generally taken first in plaster of 
Paris (see Sulphate of Lime), the sulphur cast being taken 
subsequently from the plaster of Paris mould. If sulphur be 
poured directly on the coin prepared In the same manner as is 
described in the preceding paragraph, a film of sulphur usually 
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adheres to the coin, which may he removed by rubbing it with 
a drop of a solution of potassu. 

254. Sulphur when newly east or crystallized is always more 
or less transparent, but gradually becomes opaque in conse- 

# quenco,of the particles assuming a new arrangement, without 
any chemical change taking place or any alteration in the ex- 
ternal form. * 

255. Sulphur is converted into, vapour at 600°, and may be 
condensed unchanged by conducting the sublimation in vessels 
where it is protected from the action of the air. This process 
is generally resorted to for the purpose of purifying sulphur, 
and when the heat is not too great, the vapour of the sulphur 
condenses in very minute crystalline grains, forming what is 
commonly called Flowers tif SulpRhr. To shew the sublimation 
of sulphur, it may'bc exposed to heat in a retort with a short 
n^ck, connecting it with a large receiver. 

256. Sulphur takes fire at about 300° when heated in the 
open air, burning with a blue flame, and producing very pun- 
gent suffocating fumes. In oxygen gas it burns much more 
vividly* and with a larger flame. Sulphurous acid gas is the 
product of the action in both cases, unless when the gases are 
moist, a small portion of sulphuric acid then being formed. 
The apparatus used for the coivbustion of phosphorus in oxide 
of nitrogen — Fig. 73, page 50, — may also be employed here. 
The oxygen neither increases nor diminishes*in volume, but its 
density is doubled, as it takes up t an equal weight of sulphur. 

257. A tip n globe of glass may often be used as a substitute 
for other apparatus for burning inflammable substances in oxy- 
gen. Place a small fragment of sulphur upon a metallic cup, 
resting the^up upon a, wire, which may be fixed in a piece of lead 

Fig. 95. f having several grooves in it to admit of the 
escape of any expanded gas. Inflame the sulphur, 
\ and place over it a flask of the form represented 
J in Fig. 95, having-previously filled it with oxy- 
\ / g C1L The flask should be placed upon a tray as 

A J near the sulphur as possible, and lifted to its 
place with the fore-finger and thumb of the right 
.land, round the stem, till it is properly adjusted. 

258. Sulphur is insoluble in water, but combines . with it 
when precipitated from any solution containing it, forming a 
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white powder, usually called the milk of sulphur. The method 
of preparing it will be described in the last section of this 
chapter ; it is the precipitated sulphur of the pharmacopoeia. 
Sulphur and alcohol combine when they are presented to each 
other in the gaseous state. Sulphur is sparingly soluble in ether,, 
but is dissolved readily when boiled in oil of turpentine. 

259. Sulphur combines with the metyls, forming a great 
number of very important compounds, and during the 'Com- 
bination, light and heat arc/ frequently disengaged a certain 
elevation of temperature is almost always necessary, however, 
to commence the action ; and the appearance , of the product 
varies considerably according • to the temperature at which it 
takes place. 


Sect. I. — Sulphurous Afcn>.* 

>Symb. O a S, or :S. Eq. by W. 32.1 (O. 16 + 16.1 S) ; by volume • 
□ (one measure). 8p. gr. 2.213. W. of 100 c. i. 68.643 
grains. It is extremely pungent and suffocating . It may be 
liquefied by a force equal to the pressure of two atmospheres , or by 
collecting it in small glasses surrounded by a freezing mixture of 
snow and salt. The specific gravity of the liquid acid is 1.45 ; it 
boils at 14° Fahr., producing great cold. Water absorbs 33 times 
its volume of sulphurous acid gas at natural temperatures. 

• 

2§0. Sulphurous acid may be obtained by burning sulphur 
in oxygen gas or atmospheric* air ;*but it is more easily prepared 
by decomposing sulphuric acid, heating it in a glass retort with 
some substance which can deprive it of a portion of its oxygen. 
Almost all vegetable bodies, and a great number c & the metals, 
can produce this effect.. Mercury is the metal that is generally 
employed for the preparation of pure sulphurous acid, two parts 
of it by weight being mixdd with three of sulphuric acid in a 
tubulated glass retort supported on a retorf-stand, heated by a 
chauffer or spirit-lamp, When it is prepared on the small scale, 
200 grains of mercury and 300 of sulphuric acid- may be put 
into a retort capable of containing about three ounces ; the beak 
of the retort should be extremely small. 

261. As water absorbs such a. large quantity of this gas, it 
must be collected in jars over the mercurial trough. This 
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is constructed much in the same manner as the water trough 
already described, 7, page 3. It may be made of wood, mar- 
ble, or cast-iron ; the latter is generally preferred, and is well 
rig. 96. varnished, to prevent it from 

rusting. The annexed figure 
gives a view of the mercurial 
trough I employ, and a section 
of one of the ends, which will 
a'llow its construction to be 
easily understood. It is 17 
inches long,* 7, broad, and 5 deep. The mercury does not pass 
under the shelf;* so that the body of the trough is only about 
half as broad below the shelf as above, and it is rounded at the 
bottom to save an unnecessary quantity of mercury. There 
are four niches* at #ie Gdge of the shelf, at equal distances from 
one another, to allow the beak of a retort to be introduced 
more easily under jars placed over them. The small rods at- 
tached to two of the sides of the trough are. intended for fixing 
clasps or rings, to steady any tall jar that may be left on the 
shelf. , It requires about 140 pounds of mercury, when a num- 
ber of jars are used. Newman* has cast-iron mercurial troughs 
of two differentr sizes, the one requiring 65, and the other only 
20 pounds of mercury ;* the large trough allots jars to be used 
rather more than two inches in diameter, and 9 inches long ; 
but for the other, they must not exceed 1£ inch in diame- 
ter. Almost all the most important and interesting experi- 
ments, where a mercurial trough *is required, may be performed 
with a smaR trough containing only 20 pounds of mercury, 
ancl a little practice will soon enable the operator to adjust the 
beaks of or^e or fwo retorts (by heating and drawing them out 
at the blowpipe) to the small jars or bottles, which he must use 
along with them. 

262. Porcelain mercurial troughs are much employed on the 

Fig. 97- Fig 98. , Fig. 99 


continent, of the form seen in the annexed figures, which shew 

** < 

* A philosophical instrument-maker in Regent Street, London. 
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the general construction, and also a longitudinal and a trans- 
verse section. 

Length inside at the top, 7 inches. 

Length inside at the bottom, 5J inches. 

Breadth across a at the top, 4 inthes. 

Breadth across a at the bottom, 2 inches. 

Depth inside, 3 inches. ' 

Depth of slielf, 1J inches. # 

At a the slielf is deficient, that a tube or jar may be used as long as the 
trough.* * . * • 

263. The jars for the mercurial trotigh must be made at least 
1 , 0 th of an inch in thiekness ; though not more tharf 1 or 2 inches 
in diameter ; they ought ’also Jto be ground r^/TITe edges that 
they may he removed easily when full of gas on a flat glass plate 
rubbed over with a little gas-lute, without losing any ot their 
contents. The mercurial 'trough sliould bp placed in a large 
slice t-iron tray, several times the size of the trough itself, to 
prevent any loss of mercury. Bibulous paper is constantly re- 
quired to remove any acid or water that may collect on the sur- 
face of the mercury, and aftej any acid gas has been prepared 
over it, the mercury should always be washed with water, and 
dried with a towel and bibulous paper. *A red-hot poker held for 
a short time in the mercury enables this to be d 01i e more effec- # 
tually ; it is in this manner also* that.mereqry is most conve- 
niently brought to a proper temperature when it is required to 
be heated for particular experiments. The beak ot the retort 
must be placed near the surface of the mercury, that the gas may 
liave # to overcome as little resistance as possible in rising through 
this heavy fluid ; should this not be attended to, ajid the retort 
be made of very thin glass, it is sometimes broken by the great 
pressure from within. 

264. The theory of the process is very simple ; 8aeh equiva- 
lent of sulphuric acid decomposed (consisting of three of oxy- 
gen = 24 + 16.1 of sulphur., one equivalent) loses one equiva- 
lent of oxygen (8), which combines with the metallic mercury*, 
and the rest of tha oxygen comes away in combination with the 
sulphur in the form of sulphurous acid gas. The oxidated mer- 
cury combines with another portion of sulphuric acid not de- 

* The above is the size of the Berlin porcelain trough generally used. It 
may be procured at Mr Griffin’s establishment in Glasgow. 
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composed ; a bisulpliate of the binoxide of mercury is formed 
when the resulting mass is heated to dryness. 

265. The sulphurous acid gas prepared in this manner always 
contains 'a small portion of sulphuric acid; and if the heat be 
urged", and the gas prepared rapidly, the quantity of sulphuric 
acid carried over is considerably increased. It may be purified 
in a great measure tyy passing it through a very small quantity 
of water, and cooling the tube through which it passes before 
reaching the' mercurial trough. No pure sulphurous acid is ob- 
tained till the atmospheric air has been expelled from the retort. 

266. To spp how readily this ga£ is absorbed by water, re- 
move one of thenars filled with it by means of a flat glass-plate 
held firmly to it, or place the thumb or finger on the mouth of 
a small glass bottle or tub r e filledjvitli this gas, and take it off 
under w r ater. Thit fluid will instantly combine with it, and be 
forced up into the tube with explosive violence by the pressure 
of the atmosphere. Should even a very small quantity of air 
have mixed with it previously, the absorption takes place much 
less rapidly. A japanned tray of .tinned iron, or one of earthen- 
ware, of the form represented by Fig. 3, page 4, may be substi- 
tuted for the glass-plate. 

267. Take a*>small glass-tube, closed at one end, an inch or 
two long, and aboat one- third of an inch in diameter ; fill it with 
water, place the thumb upon it, and invert it in the mercurial 
trough ; then transfer a small quantity of wafer from it into an- 
other jar filled with sulphurous acid, in the same manner in 
which gases are transferred fromone jar to another. The mer- 
cury will immediately rise in the jar, and the water will be seen 
to absorb many times its own bulk of this gas. 

268. Prepare sulphurous acid gas w ith 400 grains of mercury 
and 600 of aqueous sulphuric acid in a small retort ; let the beak 
of the retort be fitted into a tubulated receiver kept cold by ice 
or snow ; let a tube proceed from this receiver and terminate in 
another, long and narrow, or in a phial of this form. A portion 
of water and sulphuric acid, with a little sulphurous acid, are 
condensed in the first receiver ; the second must be kept at zero, 
or below this temperature, by a freezing mixture of salt and 
snow, and in it the sulphurous acid gas is condensed into a 
liquid. 

261). Pour a small quantity,* about a drachm, of the liquid 
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bottle ihust be corked as soon as it is filled, till required for ex- 
periment, covering it with a little gas lute if it is intended to 
keep it any length of time before using it. 

274. *To impregnate water with, sulphurous acid gas, it must 
be passed in a current through this fluid. The best apparatus 
for this purpose consists of a series of bottles connected with a 
retort in which the gate is generated, well known by the name of 
Woulfe’s apparatus. tThe bottles should be large enough to 
contain from twenty to si*ty cubic inches, and the connecting 
tubes made of * very stout glass. The sulphurous acid gas from 
the retort is ifT ^trt absorbed by the water in the first bottle ; 
when the water there is charged, fhe gas passes from it into the 
second bottle by a tube which dips under the water in the second ; 

Fig. ioi. • • and the excess may 

be conducted into 
another bottle or 
through a series of 
th cm conn ected with 
one another in the 
same manner as the 
first is connected 
with the second. These tubes, as well as the safety tubes cc 
(which will be cxp € lained r imi»cdiately), mustalj befitted tightly 
to the tubulures of the different bottles, either by passing them 
through corks, or having them accurately ground to one another. 
A still better method is, to join the connecting tubes to the 
tubulures, as Mr Faraday has recorfimended, by small caoutchouc 
tubes or collars, the upper edge being tied round the tube, and 
the lower part round the tubulure of the bottle. The different 
bottles then 'admit of a considerable degree of lateral motion. 

275. The long tubes in the bottles cc gxe termed safety-tubes ; 
the manner in which they operate is very simple. Let us sup- 
pose, that a considerable absorption" or condensation takes place 
suddenly in the bottje connected with the retort, from the sul- 
phurous acid ceasing to come before the water has been satu- 
rated, from the water combining rapidly with the sulphurous 
acid gas, or from the heat applied to the retort having been 
withdrawn. Then the liquid would absorb the gas above it in 
the bottle, and were there no safety-tube in this bottle, a portion 
of the liquid in the adjoining bottles would immediately rush into 
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it, being forced through the tubes a , i, by the pressure of the air 
upon the liquid in the last bottle ; the atmospheric pressure being 
no longer counterbalanced, in consequence of the condensation in 
the first bottle ; and the cold liquid thus accumulating in the first 
bottle, might be forced into the retort. But the safety-tube *c 
(in the bottle next the retort) being open at both ends, it is ob- 
vious that the internal pressure may be Restored either by air 
entering through the safety- tube, or by sejne of the liquid* in the 
•second bottle passing into it; and, less force is 'opposed to 
the air in descending through half an inch of liquid by the safety- 
tube (the quantity of water generally put ipte^the bottle not 
being more than sufficient to cover the tube to this depth) than 
is required to force the fluid from the second bottle through the 
connecting tube, air continues to pass into it till the equilibrium 
is restored. • ** 1 , 

v In the same manner, the safety-tube in the middle bottle pre- 
vents any of the liquid in the third bottle from passing into it. 
Should there be no safety-tube in the first bottle, the operator must 
be ready to take the stopple 3>ut of the retort should he observe 
the liquid ascending in the connecting tube from the middle bottle. 

276. The solution of sulphurous acid in the first and second* 
bottles contains a small portion of sulphuric acid, which must 
be carefully neutralized by a little potassa or soda (in solution), 
adding it drop by drop till the liquid can destroy the vegetable 
blues, which it reddens as long as there is any sulphuric acid 
present. The last bottle contains the purest sulphurous acid. 

2f 7. Add a few drops of the vegetable blue of the common 
coloured cabbage to water in a wine glass, after mixing it with 
a little of the aqueous solution of the sulphurous acid. The 
colour is immediately discharged. * 

278. Add in the next place a tew drops of aqueous ammonia. 
The ammonia overpowers the action of the sulphurous acid, and 
produces a green compound *with the colouring matter. 

279. Add aqueous sulphuric acid dilute jl, drop by drop, till 
the ammonia is neutralized, and continue till the colour becomes 
red. The sulphurous acid is now overcome by the excess of 
sulphuric acid. 

280. Neutralize the # sulphuric acid by ammonia, when the sul- 
phurous acid again predominates* and the liquid becomes co- 
lourless. 
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281. * A very pure solution of sulphurous acid in water may 
be obtained by heating 100 pjgrts of the binoxide of manganese 
with 15 of suiphur in an iron bottle. Fig. 17, page 10, or gun- 
barrel apparatus, Fig. 22, page 13> placed in the open lire, and 
transmitting it through water. The sulphur combines with part 
of the oxygen of the binoxide, and comes away in the form of 
sulphurous acid. * 

282. Solutions of sulphurous acid soon .pass into sulphuric 
acid when' exposed to thp air, but may be kept for years in 
stoppered bottles, with little or no change. Sulphurous acid 
attracts oxygdTi v^oni a number of metallic oxides, sis those of 
gold and mercury, precipitating tliem in the metallic form. Its 
salts are termed sulphites ; they are ail decomposed with effer- 
vescence by the stronger at ids ; w*hen exposed to air and mois- 
ture, they attract ofcygen, and become sulphates. 


.Sect. II. — Sulphuric Acid. 

i 

Si/mb. of THE DRY ACID 0®S or :S. Eq. by W. 40.1 (O. 24+ 10.1 
• S). Eq. by W. of COMMON AQUEOUS sulphuric acid, 49.1 (dry 

acid 40.1 +9 water) ; Symb .^ H :S ,* sp. gr. 1 .8+5 ; it boils at (520 
( Dalton ) when sp . gr. 1.85, whey, the acid anuhwater rise together, 
condensing without change . 

& 

283. Sulphuric acid is seldom or never prepared on the $mnll 
scale, large quantities of it being manufactured in this country 
and* on the continent, as objects of commerce. The processes 
by which it is obtained consist in exposing sulphate of iron to 
heat in vessels from wjiich it ,is distilled and collected in a re- 
ceiver ; or iji oxygenating sulphurous &cid by the action of ni- 
trous acid, or other compounds of nitrogen and oxygen. 
c 284. In the first process, the water of crystallization in the 
crystallized sulphate is, in a great .iheasure, expelled by heating 
it over the fire ; the salt is then exposed to a red heat in iron 
vessels, and the acid collected in a receiver. The acid thus 
procured consists of about two equivalents of dry sulphuric acid 
(80.2), combined with one of water. It usually contains a small 
quantity of sulphurous acid derived from the decomposition of a 
portion of sulphuric acid, caused partly by the high temperature 
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and partly by the oxide of iron in the sulphate attracting ati ad 
ditional quantity of oxygen. In this state it is known by the 
name of glacial oil of vitriol. Its specific gravity Varies from 
about 1.80 to 1.98 ; it emits* fumes when exposed to 2hc air, 
makes a hissing noise when dropped into water, an<J boils sit 
about 100° of F. When exposed to a very gentle heat in a 
glass retort connected with a receiver ke$t cold by ice or /mow, 
nothing comes over but dry sulphuric acJd, which is condensed 
in the receiver, and may be obtained* in the solid fQjftn by stop- 
ping the distillation before any of the water begins to come 
along with it. This is termed anhydrous (wWffiut water). 

285. Anhydrous sulphuric acid may also be procured by 
heating the sulphate of antimony gradually to redness in a 
green glass retort, the receiver bein'g kept very r cold. 

286. Anhydrous sulphuric acid emits copious fumes oir exposure 
to the air ; it is very tough, and may be converted into common 
sulphuric acid by adding the proper quantity of water. It be- 
comes liquid at 68°, and boils at a much lower temperature in 
its pure state (about 120°), than when combined with water. 

287. Common sulphuric acid, called also aqueous sulphuric acid 
or oil of vitriol , is usually prepared in this country by oxygenat- 
ing sulphurous acid .and combining it f with water. According 
to one process, eight or nine ports of sulphur arc mixed with one 
of nitre, and the mixture burned in a furnace from which the 
vapours and gasbs produced pass into a large room or chamber 
lined on (‘very side with lead, and covered to the depth of seve- 
ral inches with water. The sulphur is chiefly converted into 
sulphurous acid* during its combustion ; a portion of it becomes 
sulphuric acid by combining with some of the oxygen of the 
nitre : nitrous acid and binoxi^e of nitrogen ar<? disengaged. 
The sulphurous and nitrous acids unite with watery vapour, 
which they meet with in the atmosphere of the chamber, form- 
ing a crystalline compound which is decomposed by the water at 
the bottom of the chamber? J being converted into sulphuric acid, 
which remains in combination with the water, and binoxide of ni- 
trogen and nitrous acid which are disengaged. All the binoxide 
(which is a light gas), rises in the chamber, and mixing with a 
fresh quantity of atmospheric air, combines with the oxygen 
and forms a dense ruddy vapoup (rfitrous acid), which imme- 
diately falls down in consequence of its great specific gravity, and 
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meeting with more sulphurous acid and watery vapour, a crys- 
talline compound is again formed, which is resolved as before 
into sulphuric acid, binoxide of nitrogen* and nitrous acid. The 
same Series of combinations and decompositions goes on till the 
prater at, the bottom of the chamber has become strongly acid. 
It is then boiled in leaden vessels to expel a part of the water, 
and the concentratiorf finished in large glass-retorts heated in a 
sand-bath, or #n platinum retorts placed «over the open fire. 

288. Th$ theory of therproduction of sulphuric acid has been 
carefully studied, but the nature of all the changes that ensue 
is still imperfcS?lr understood, more especially in the details as 
to the number of equivalents of tfie different substances that are 
produced, or meet with each other during its production. The 
following are the principal Tacts tlfat have been pointed out in 
reference to this ’process. 

289. Sulphurous acid and nitrous acid, perfectly dry, do ncA. 
react with each other. 

290. Sulphurous acid, nitrous acid, and watery vapour, im- 

mediately produce a crystalline precipitate, which has been con- 
sidered as a compound of sulphuric acid, hyponitrous acid, and 
'water. In the fallowing symbolic views, the water is not repre- 
sented. # , 

Symb. :S & • ;N = :S + :N. © 

291. The preceding compound of sulphurous acid, hyponi- 
trous acid, and water, is decomposed when it domes in contact 
with a large quantity of water, the sulphuric acid combining 
with the wat^r, and the hypohitrous acid (two eqs.) being re- 
solved into nitrous acid and binoxide of nitrogen. 

Symb. 2 sN= -sN& «N. 

292. The^nitrous acid reacts as before, producing more of 
the crystalline compound by combining with sulphurous acid 
and water. 

' 293. The binoxide of nitrogen rises in the chamber, attracts 
oxygen from the air, and becomes hfeavy nitrous acjd, which de- 
scends and reacts in the same manner, so that this gas becomes 
the medium of communicating a large quantity of oxygen from 
the air to the sulphurous acid, returning again and again for 
more, after depositing the load it carries when converted into 
nitrous acid. * • 

294. A portion of pure nitrogen has also been observed, so 



SULPHURIC ACID. 95 

that one portion of nitrous or hyponitrous acid must be entirely 
decomposed. 

295. A little nitric acid is also formed by the action of the 
water in the chamber on part of the nitrous acid (see Nitrous 
Acid) ; but as the liquid becomes more charged with sulphuric 
acid, this prevents the production of nitric acid, which the water 
would otherwise effect. Sulphurous acid, by abstracting oxygen, 
can reduce the nitric to nitrous or hyporitrous acid, which sul- 
phuric acid often retains, even when ..concentrated. »By boiling 
with a little sulphur, the hyponitrous acid is decomposed, pro- 
bably with an evolution of the bin oxide of nitTvgen. 

296. In many manufactories, instead of mixing nitre with the 
sulphur, nitrous and nitric acids, &c., are disengaged by the ac- 
tion of sulphuric acid upon rtitre, the mixture being heated by 
the burning sulphur, which supplies the cl/amber with sulphu- 
rous acid gas. Sometimes the nitre and sulphur are in separate 
furnaces. W atery vapour is also supplied to the air by introdu- 
cing it into the chamber by a pipe from a steam-boiler. In- 
stead of nitre, nitrate of sodu, is now frequently employed. 

297. The preparation of sulphuric acid may be illustrated 
very beautifully on the small scale by making sulphurous acid 
and nitrous acid gases meet together in ,a glass vessel ; and as 

the experiment is in- 
tended solely for illus- 
tration, the sulphurous 
acid gas may be pre- 
pared by the decompo- 
sition of sulphuric acid. 
Into one of the small 
retorts, (which should 
be large enough to hold 
about 3 or 4 ounces of 
water when fall), put 
40() grains of mercury 
and 600 grains of sul- 
phuric acid, and into 
the other 80 or 90 
grains of sugar. Heat 
the first retort by a chauffer, and when the sulphurous acid be- 
gins to come, pour over the sugar 300 grains of aqueous nitric 
acid, previously diluted with an equal bulk of water, and heat 
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the retort gently till the nitrous acid fumes begin to come over, 
which are formed hy the sugar attracting oxygen from the ni- 
tric acid. « When the gases meet in the large bottle (into which 
the retorts sire fixed by being ground to the tubulurcs, or hav- 
ihg their,beaks passed through corks fitted to them), a crystal- 
line compound is soon deposited on the sides of the vessel in 
beautiful dendritical Crystals, which often cover its whole inter- 
nal surface. Remove* the retorts when * either the sulphurous 
or nitrous Vxcid ceases to come over, and pour a little water into 
the bottle ; a brisk effervescence immediately takes place where 
the water corned contact with the crystalline compound, which 
is resolved into binoxide of nitrogen, nitrous acid, and sulphuric 
acid, the former producing an additional quantity of ruddy 
coloured fumes of nitrous afcid, as ft comes into contact with the 1 
air, and* the latter* being retained in combination with the 
water. * 

298. In this illustrative process for the preparation of sul- 
phuric acid, the water which is carried over from the diluted 
nitric acid by the nitrous acid vapAur, is sufficient for enabling 
the nitrous and sulphurous acids to form the crystalline com- 
pound (289, 290). 

299. Aqueous sulphuric acid is transparent, colourless, and in- 
odorous, and has a thick oily appearance when- poured from one 
vessel to another. It is verv acid and corrosive, reddens the 
vegetable blues, and tastes extremely sour, e\ # on when diluted 
with a very large quantity of water. It absorbs this fluid rapid- 
ly from the jiir, and eomhinbs with it in all proportions. A 
considerable elevation of temperature attends the combination ; 
they must not, accordingly, be mixed in a thick glass-vessel. 
The condensation that , takes pjace may be easily seen by pour- 
ing sulphurise acid into a long glass-tube till it is about half full, 
filling it gently with water, emptying it into a jug or thin glass- 
flask, where the water and acid must be agitated together, re- 
turning them to the tube when cold? When four parts of acid 
by weight are mixed with one of water, both at the temperature 
of 50°, it immediately rises to 300°. — Dr Ure. Four parts of 
acid and one of ice give a heat about 212° ; but with four of iee 
and one of acid, the temperature falls below zero. 

300. As it is important" tcxknow the quantity of dry acid in 
sulphuric acid of different densities, I have inserted the fol- 
lowing* table drawn up by Dr ‘Ure. The strongest common 
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sulphuric acid contains 9 parts of water in combination with wen 
40.1 parts of dry acid, and is hence frequently termed hydro- 
sulphuric acid or aqueous sulphuric acid ; the latter prefixture 
is preferred. 


Table by Dr (Ire , shewing the quantity of Liquid Acid {composed 
of dry acid 40*1 + 9 water), and Dry Acif contained in 100 

parts of sulphuric acid , at different densities. •• 

• * * 

.For example, 100 parts of * sulphuric^ acid of sp. gr» 1*8475 
(the 2d in the first column) contain 99 of the acid of the strength 
specified, the remainder (1) of the 100 parts b<' ; :*g water ; or 
80*72 of dry acid, the remaindei* (19*28) being water. 
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301. Sulphuric add has a great affinity tor the different sali- 
fiable bases, and can disengage almost all the other adds from 
their combinations with them. It forms soluble compounds 
with the alkalis, but with some of the earths, especially baryta, 

• the compounds which it forms are very insoluble. Hence 
baryta is generally employed as a test of the presence of sul- 
phuric acid, giving v copious white precipitate in all solutions 
containing it either Jp a free state or combined with other sub- 
stances. A solution of the liydrodilorate or nitrate is the form 
iri which it iy usually applied. 

302. The different sulphates may he formed hy bringing 

sulphuric add into contact with their respective bases, great 
heat being in general produced, so that they must he mixed 
cautiously together. Some of tlv*se are extensively distributed 
throughout the globe, as the .sulphate of lime, and many are 
prepared in large quantities by artificial operations. The spl- 
pnates of the common metals are in general decomposed by a red 
heat. The earthy and alkaline sulphates resist the action of a 
much higher temperature ; hut ipay be decomposed by heating 
them along with charcoal, or passing a stream of hydrogen gas 
over them at a high temperature, the oxygen both of the sul- 
phuric acid and of the metallic oxide being withdrawn, and a 
metallic sulphui’et remaining. The metallic sulpliurets formed 
in this manner decompose water, the sulphur combining with 
the hydrogen and the metal with the oxygen, forming hydro- 
sulphates, which are dissolved when a sufficient quantity of 
water is employed. « f ' 

O 303. Gay Lussae has lately shewn that when sulphates of the 
common metals are decomposed by heating them with charcoal, 
the products vary considerably according to the manner in 
which the heat is applied. Thus, with the sulphate of zinc, 
the following products may be obtained. 

I. Oxide of zinc, if the heat dojs not exceed a dull red. 

II. Metallic zinc, if the heat ,be increased to a cherry red, 
after preparing the oxide as in 1/ 

III. Sulpliuret of zinc, if the temperature be elevated briskly 
from the commencement to a reddish-white heat. 

Again, sulphate of lead and charcoal give sulphuret of lpad 
and carbonic acid. But if there be an excess of sulphate of 
lead, the sulphuret of lead decomposes it, and sulphurous acid 
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and inetaJlic lead are produced. SyrnO. SPb & :S *Pb =c 2 :S 
& 2 Pb. 

304. Sulphuric acid freezes at — 15° in the state in # which it 

is usually met with in commerce ; but if diluted with wajpr so 
as to have a specific gravity of 1.78, it shoots into large crystals, 
when placed in snow or ice, and will remain in a solid* form if 
not exposed to a temperature above 44°. JLf the proportion of 
water be increased, it requires a much l^nver temperature to 
ciiuse the acid to congeal. • # 

305. liy passing sulphuric acid in vapour through a red hot 
porcelain tube, in the manner already described under nitric 
acid, it is resolved into sulphurous acid and oxygen ; and if 
these gases are returned through the tube, they will unite and 
form sulphuric acid, a fact tlujt will pot appear so improbable 
when we reflect on the numercyis circumstances by which che- 
mical action is influenced. There are many instances also 
where an action of a similar kind occurs. Thus, water may be 
decomposed by electricity, and its elements again combined by 
the same agent so as to foray water ; if a stream of hydrogen 
gas be transmitted over the oxide of irqp at a red beat, it will 
abstract the oxygen, and water and metallic iron will be pro- v 
duced ; and by transmitting watery vapour ovfer the metallic 
iron that remains still at a red heal, hydrogen £as may be pro- 
cured, the oxygen of the iron combining with the water. 

306. The sulphuric acid of commerce is never in a state of 
absolute purity, being always contaminated with small quanti- 
ties of sulphate of potassa and sulphate of lead. It is the latter 
that renders common sulphuric acid turbid when diluted with 
water, sulphate of lead being insoluble in water or diluted sul- 
phuric acid, though the strong acid can dissolve a smajl quantity. 
The quantity of these salts may ITe ascertained by evaporating 
a known weight of acid to dryness in a platinuifi crucible. 
Pure sulphuric acid evaporates without leaving any residuum. . 

307. It is purified from bqjth these salts by distillation. For 
this purpose, fill a plain retort (capable of containing 30 or 40 
cubic inches) about one-third full of acid, placing the beak 
within a glass-tube 3 or 4 feet long, and from 1 to 2 inches in 
diameter. Fig. 103 shews the general arrangement of the ap- 
paratus, the connecting tube beingr represented shorter in the 
figure than it ought to be. It is not necessary to keep the 
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tube cold by water, as the acid gives out little heat during its 

condensation, requir- 
ing a very small quan- 
tity to convert it into 
vapour, though it must 
be exposed to an ele- 
vated temperature be- 
fore it begins to boil. 
The retort must be 
heated by a very 
powerful lamp* or, what is much better, by a chauffer, sup- 
plied with a mixture of charcoal and cinders for fuel. The 
long connecting tube is supported by a retort-stand or otherwise 
at A. 

A- 

308. To prevent, the occurrence of those violent suecussions 
that are always observed when the acid boils, and which gene- 
rally break the retort if nut moderated in time, put seveial 
pieces of platinum wire or foil into the retort along with the 
acid. Fragments of glass may be used as a substitute for the 
platinum. Small portions of thin glass-tube are better for this 
purpose than thick pieces of flat glass. 

309. In the present instance, and in many other cases, it is 
advantageous to* support tin retort loosely on the ring of the 
retort-stand in the manner represented in the figure. The 
base of the retort-stand is also occasionally made of an oblong 
piece of wood, or of a tinned iron vessel of the same shape, 
which is filled with water at an aperture above, to protet t the 
table from tAie heat of a chauffer placed upon it. The latter by 
itself is a useful addition to a chauffer. 

310. Arsenious acid is often found in common aqueous sul- 
phuric aci<£ the sulphur with which it is prepared being frequently 
contaminated with arsenious acid. It is precipitated as yellow 
sulphuret of arsenic by diluting the acid with water, and trans- 
mitting hydrosulphuric acid gas through it. If this gas be 
passed into the concentrated acid, sulphur is precipitated along 
with the sulphuret of arsenic. 

To purify sulphuric acid from arsenious acid, it has been re- 
commended to distil it after mixing it with the hydrated peroxide 
iron, by which the arsenious acid is retained. 
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31 1. There are tew agents that are so extensively employed 
in chemical operations as sulphuric acid. Sometimes it is used 
to disengage one of the ingredients of a compound b^ the great 
affinity which it has to the other. It is ust*d for the prepara- 
tion of sulphurous acid, in bleaching, dyeing, in making freezing 
mixtures, in communicating oxygen, and to form a rfhmbcr of 
important combinations. 


Sect. 111. — Hyposulphurous and IIyposijlpiiuric Acids. 

• 

312. These acids are comparatively of much less importance 
than those which have been already considered. A very shor 
notice of each, therefore, be Considered sufficient in this 
place. • • # . 

• 313. Hyposulphurous Acid (Symb. 2 0-f 2 S, or :S*) may be 
formed by digesting sulphur in a solution of a sulphite (a com- 
pound of sulphurous acid and a salifiable base), the two equi- 
valents of oxygen in the su^Phurous acid combining with an ad- 
ditional quantity of sulphur, and being® thereby converted into 
one equivalent of hyposulphurous acid. It is not easy to pro ® 
cure this acid in a free state, as i$ is almost immediately decom- 
posed by the reaction of its elements when tfetaehed from the 
base with which it is combined. Hyposulphurous acid is dis- 
tinguished by thp peculiar relation which it has to the oxide of 
silver, combining with it in preference to soda, which is easily 
separated from this acid by tKe oxide, the only instance where a 
metallic oxide can separate a fixed alkali from an acid, without 
the aid of some other affinity. The solution of the hyposulphite 
of soda, and also of other neutral hyposulphites, dissolves chlo- 
ride of silver, forming* a compound which has a very intense 
sweet taste, not accompanied by any disagreeable astringency, 
or any thing that could indicate the presence of a metal. • 

314. Hyposulphuric Aci£ % (Symb. 5 O + # 2 S, or ::S*) is pre- 
pared by transmitting sulphurous acid through water in which 
finely powdered binoxide of manganese has been suspended. 
Heat is evolved, and a portion of the oxygen of the binoxide com- 
bines with some of the sulphurous acid and forms sulphuric acid, 
part of which unites with the ram lining sulphurous acid, hv 
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which«the hyposulphuric acid is produced. If the binoxide of 
manganese be pure, and the mixture kept cool as the sulphurous 
acid is introduced, little or no free sulphuric acid is formed. 
Bothy acids remain in combination with oxide of manganese, 
.which mav bo precipitated by adding baryta, the sulphuric acid 
being also thrown down in combination with part of the baryta, 
while the h yposulphvric acid unites with the rest, and remains 
in solution. By captiously adding sulphuric acid to this solu- 
tion, the .baryta is removed, and the hyposulphuric acid remains 
in solution. It has not been procured free from water, and is 
resolved into sulphurous ami sulphuric acids when exposed to 
heat, or when its solution is highly concentrated. 

Syiuh. 2 :S & :Mn = : :S 2 + *Mn. Two of sulphurous acid, and 
binoxide of manganese, produce hyposulphato of manganese. 

:S & :Mn -Mn. Sulphurous acid and binoxide of 

manganese, produce sulphate of manganese. 

1 : :S 2 -f -Mil & :S + 'Wn & 2 *Ba = 2 *Mn & :S + 'Ba & ::S* + 
*Ba. Hyposulphato of manganese, and sulphate of manganese, 
and two of baryta, produce two of oxide of manganese, sulphate 
of baryta, and hyposulphate of baryta (the hyposulphato re- 
mains in solution). 

: :S* -f *Ila & ( .S *S + *Ba & : :S 2 . Hyposulphato of baryta, 
and sulphuric acivl, produce sulphate of baryta, and hyposulphu- 
ric acid. * 


Sect. IV.- -Hydrohulfhurjc Acid or Sulfhureted 
€ Hydrogen. 

tSymb. SH. t Jfy. by W. 17' 1 ; by volume □ (one measure). tip. 
gr. 1.170. Weight of 100 'cubic indies 36*587 grains. It. is 
liquefied by a pressure of 1 7 atmospheres at 50°. 1 00 c. i. of 

1 water absorb 100 of this gas . 

i 

i 

315. Hydrosulphuric acid is most easily procured by pouring 
sulphuric acid, diluted with about three or four times its weight 
of water, over an equal weight of sulphuret of iron reduced to 
small fragments, collecting the gas that is disengaged in jars 
over the pneumatic trough. , The materials may be put into a 
retort, or into a bottle with a bent tube adapted to the tubu- 
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lure ; the apparatus already described and used for the prepara- 
tion of hydrogen gas may also be employed here, and when a 
steady current of gas is required, the bottle represented in Fig. 
36, page 22, or one constructed on the same principle, wjll be 
found very convenient. The gas may be made to come over 
more rapidly by using a stronger acid, and by reducing part of 
the sulpliuret to powder. # 

316. Several methods have been proposed for preparing the 
sulpliuret of iron. By exposing a bar of iron to* a \jhite heat 
in a furnace or at a smith’s forge, andf then bringing it in con- 
tact with a piece of roll sulphur, it is obtained perhaps more 
conveniently than in any other way. The iron combines im- 
mediately with the sulphur, forming a liquid which speedily 
becomes a solid brittle mass, jvitli a jnetallic lustre ; it is a sul- 
pliuret of iron, and the great superiority of, this process to the 
others consists in the sulpliuret formed in this manner contain- 
ing no metallic iron and no excess of sulphur ; the fornfer 
would cause pure hydrogen to be disengaged along with the 
hydrosulphuric acid. When f more than one equivalent of sul- 
phur is combined with one of iron, it does not afford any gas 
when treated with an acid. The roll sulphur should be placed^ 
oil a stone and the iron brought in contact- with it, gradually 
bringing them closer and closer t<? one anothe# as the sulpliuret 
is formed ; or they may be held over an iron basin filled with 
water, into widely the melted sulpliuret falls, taking care always 
to keep the sulphur and iron in contact with one another. A 
shovN^r of sparks is thrown off during the action, and if the sul- 
phuret be allowed to fall on the ground, it divides into an in- 
finite number of small globides, presenting a very beautiful ap- 
pearance ; most of it, however, is lost when it is aljpwed to fall 
to the ground in this maimer.* The ifrm must be at a white 
heat, otherwise it merely melts the sulphur, and 'causes it to 
take fire, no sulpliuret being* formed. The roll sulphur should 
be wrapped round with some cloth or cotton where it is to be 
held by the hand, or a glove? may be put oft to prevent it from 
falling to pieces. When a long bar of iron cannot be procured, 
a smaller piece may be held with a pair of pincers, and care 
must be taken to hold the iron and sulphur in the manner re- 
presented, Fig. 104, to prevent the liquid sulphuvet from run- 
ning down the iron and reaching the hand. If the sulphur 
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Hr- iw- is applied to the middle of the bar 

when it is at a proper temperature, 
it may be divided into two parts 
in a few seconds by pressing the 
sulphur gently against it. The iron 
should be taken out of the forge or 
furnace whenever it has become sufficiently hot, as it would 
be speedily destroyed if left in the fire at this high temperature. 

317. The sulphuret of iron may* also be obtained by exposing 
iron -pyrites to heat in a crucible placed in a furnace till the ex- 
cess of sulphur which it contains has been expelled. When 
neither of these methods can be Conveniently followed, it may be 
procured by mixing four parts of sulphur with seven of iron 
filings, and exposing th$ mixture to heat in a dry Florence 
fiask (which slronld not be more than a third full), resting on 
the reel hot cinders in a good chauffer. In a short time t,he 
sulphur melts and combines with the iron, a red light, pervading 
the whole mass during the combination : a cork with a small 
piece cut out at the side (to allow the vapours of sulphur which 
are formed at first be disengaged) should be put into the 
neck of the fiask, to prevent the free access of the air. The 
fiask need not he kept over the chauffer after the glow of light 
has begun to appear, And care must be tak/m not to press the 
cork too hard in, lest the vapoilr of the sulphur not having room 
to escape freely, should cause an explosion ; /be fiask is broken 
afterwards that the sulphuret may be removed. When it is not 
desired to see the glow of light attending the combination, the 
mixture m&y be heated in a crucible or iron ladle. The sul- 
phuret prepared in this manner always has some metallic iron 
mixed witlj it, but the hydrosulphuric acid which it affords is 
sufficiently pure for all ordinary experiments. 

318. Tile richness of the tint presented by the light evolved 
during the combination of the sulphur and iron depends princi- 
pally upon its being seen through a film of sulphur condensed 
and subsequently incited upon the inside of the upper part of 
the flask. If we expel this sulphur by heating the upper part 
of the flask, or look through any part of the glass when none is 
deposited, nothing but a dull red light is perceived. 

319. The theory of H\$ preparation of this gas is very simple. 
A reaction takes place between every nine parts of water (one 
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eq.) ami 44. L (one eq.) of the sulphuret of iron, the latter being 
composed of 16.1 of sulphur and 28 of iron. The oxygen of 
the water combines with the iron of the sulphured, forming 
oxide of iron, with which on® equivalent of the acid unit/s, con- 
verting it into sulphate of iron, which remains in # solution, 
while the sulphur and the hydrogen combine together to form 
hydrosulphuric acid. The following diagram is intended to 
illustrate the decomposition. 

* Fig. 1(0. • 

Ht'fore decomposition. , i far decomposition . 

n S Uy<l. • I... r -^-17.1 Hydrosulphuric Acid. 

J WaU1 j Ox. , 8 * 

44.1 Sulphuret of j Sulph. 16.1. - 

Iron j Iron \ 

40.1 Sulphuric Acid 40.1? Sulphate of Iron. 

Sy mb. -II : S &#S Fe = HS& : 8 *Fe. • 

320. Instead of diluted sulphuric acid, aqueous hydrochloric 
acid diluted with an equal hulk of water may be used with the 
sulphuret of iron. Hydrochlorate of iron then being formed in 
the same manner as sulphate of iron is formed with the aqueous 
sulphuric acid. 

Symb. HCl & H & SFe = HC\ Fe & HS. 

321. When hydrosulphuric acid is requiretf particularly pure, 

sulphuret of antimony reduced to powder is mixed with five 
times its weight* of hydrochloric acid, the antimony being oxi- 
dated by the water which the acid contains, while the sulphur 
couilnning with the hydrogin that is set at liberty forms the 
gas that is evolved. • 

322. Hydrosulphuric acid gas has lately been frequently pre- 

pared from the sulph urets of potassium # and calciutn by the ac- 
tion of a diluted acid ; \>ut there is perhaps no process so conve- 
nient as that already described with sulphuric acid, water, and 
sulphuret of iron. * * 

323. As hydrosulphuric^acid has not qply an extremely of- 
fensive odour (similar to that of sulphureous mineral waters), 
but produces severe headach when it is mixed even in small 
proportion with atmospheric air, none should be allowed to 
escape into the apartment in which it is prepared. A small 
quantity, indeed, such as is usually lost during its preparation, 
will not do any harm ; but where the materials from which it 
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has been procured have been carelessly thrown aside before the 
gas has ceased to come, it goes on accumulating, and often pro- 
duces veiy deleterious effects. I have seen several people very 
muehViffccted by the gas disengaged, even from a small quan- 
tity of materials set aside in a corner of a very large room ; one 
of them felt so much depressed, that for two days almost he lay 
in a listless state, aiKl was unable for a long time to hold up 
his head, after which* he gradually recovered ; in this case, the 
individual most affected Ipul been engaged for about four hours 
in the apartment referred to, in ifliicli the liydrosulplmric acid 
was calculated to have formed not more than a five thousandth 
part of the bulk of the atmospheric air. It is indeed much 
more noxious to animal life than would have at first been anti- 
cipated ; a horse dies in air containing even T £ n th of' its bulk of 
this gas* and dogs And smaller animals when the quantity is so 
small as s J 0 th part ; a small bird died instantly in air eontainiiji* 
f g\j 0 th part. Chaussier states, that many animals die soon if' 
they are put into bladders full of this gas, though their heads 
are left out, and they are allowed to breathe atmospheric air 
as freely as before. * 

324. Hydros ulphuric aeid burns with a pale blue lambent 
flame when kindled in contact with atmospheric air or oxygen 
gas. During its combustion, the hydrogen combines with the 
oxygen of the air, forming water, while the sulphur uniting with 
the same element is converted into sulphurous acid. Mixed 
with times its bulk of oxygen it detonates on applying a 
lighted match. A stout glass bottle must be used for this ex 
pertinent, though the detonation is not quite so violent as with 
many other gases. 

325. Th£ combustion is never complete in atmospheric air. 

part of the ^ulphur being always deposited on the sides of the 
vessel in which it is inflamed ; when mixed with pure oxygen 
however, in the proportion just Mentioned, the combustion is 
always complete. t # 

326. Water absorbs hydrosulphuric acid readily, taking up 
more than its own volume when previously deprived of air by 
boiling, and acquiring its peculiar odour. On exposure to the 
air, part of the hydrosulphuric acid escapes, and the remainder 
is decomposed, the water acquiring an opalescent appearance 
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from the deposition of a portion of sulphur, or bisulphureted 
hydrogen. 

227. Hydrosulphuric acid reddens the infusion of >itmus, and 
possesses the other properties jof an acid. The red tint vfiicli it 
communicates to the solution is not permanent, ceasing when 
the gas escapes or is decomposed. If the reddened infusion be 
boiled, the gas is soon expelled and it becomes blue, which may 
be easily seen by heatipg a small quantity in a Florence flask, 
•or test tube. Frequently tfie litmus becomes entirety* colourless 
after boiling, and in such cases, the colour occasionally returns 
after the liquid has beeoine thoroughly cold, and been exposed 
to the air. The solution qf hyflrosulphuric acid may be kept for 
years in bottles well corked and sealed ; they ought also to be 
filled perfectly full. Perhaps the jnost convenient method of 
preparing a small quantity of* the solution of fhis gas .is to fill 
Ijpttles about two-thirds full with the gas over the pneumatic 
trough, and to agitate the remaining water briskly with it as 
long as it continues to absorb any, taking out the cork from 
time to time to allow atmospheric air to enter and supply the 
place of the gas as it combines with tin# water. 

328. Fuming nitric acid decomposes hydrosuljdiuric .acid, com * 
munieating oxygen to the hydrop^n, while the sulphur is depo- 
sited : if a piece, of thick paper be placed over the bottle con- 
taining the gas whenever the acid is poured in, and the finger 
pressed very gently upon it so as to prevent any gas escaping, 
the temperature rises so high that the sulphur and any unde- 
eomposed hydrosuljdiuric acfd immediately take^fire, burning 
with a beautiful flame, and producing a slight detonation ;»the 
experiment may be performed with a flask or bottle containing 
a few cubic inches of the gas with perfect safety, fit succeeds, 
it has been affirmed, only when tfie hydrosulphuric acid has been 
prepared by diluted sulphuric acid and sulphuret of iron. 

329. Mix three volumes df hydrosulphuric acid with two Of 
sulphurous acid, in a jar ovur a mercurial trqugh ; they condense 
into a solid compound, which is the hydrosulphurous acid of Dr 
Thomson. It lias not been applied to any use. 

330. Chlorine, iodine, and bromine decompose this gas, com- 
bining with the hydrogen and precipitating the sulphur. 

331. Hydrosulphuric acid is verj; much employed as a reagent 
for detecting a number of the metals, or separating them from 
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various liquids, as in the detection of arsenic, where the sulphur 
unites with the metallic arsenic, forming a rich yellow-coloured 
precipitate if the liquid under examination contain arsenic. In 
general the sulphur combines with the metal in solution, form- 
ing a metallic sulphurct which is precipitated, while the oxygen 
previously in combination with the metal unites with the hydro- 
gen of the gas. Tile solutions of the common metals which it 
does not decompose iVVe those of iron, nickel, cobalt, manganese, 
titanium, hnd molybdenum. (Dr Henry.) 

332. In using hydrosulphuric acid as a test, nitric acid, and 
still more especially nitrous acid, ought to be avoided, as they 
not only tend to decompose it, but also give erroneous indica- 
tions by precipitating sulphur. 

333. Solutions of the co'mmon <4 metals which are not affected 
by hydrosulphuric &cid gas, are in* general precipitated on adding 
hydrosulphate of ammonia. The alkali (the ammonia) removes 
any acid or other substance that may be combined with the 
metal or metallic oxide in solution, and allows the hydrosulphuric 
acid to act without restraint upon it. 

334. A bottle with a bent tube. Fig. 106, adapted to it, may 

rig. uni. answer for transmitting the hydrosulphuric acid gas 

through the liquid under examination. A small ap- 
paratus, of tlie construction represented in Fig. 36. 
page 22, is better. It should be supported on a block 
of wood, that it may be easily removed, and more 
acid added to it if necessary. The bent tube should 
b ( e made to pass to the'bottom of the vessel containing 
the liquid on which the gits is to act. The apparatus repre- 
sented by Fig. 82, page 68, is employed when it is required to 
collect the ^excess of t hydrosulphuric acid over a pneumatic 
trough, the 4 gas being generated in the first bottle and passed 
through the liquid in the second. Woulfe’s apparatus may also 
be used for the same purpose, but ‘none will be found so gene- 
rally useful and convenient as a common bottle with a bent tube, 
putting it and the liquid through which the gas is parsing in such 
a situation that the excess shall be carried away without annoy- 
ing the operator. 

335. The most delicate test of hydrosulphuric acid is carbo- 
nate of lead, which is converted into a sulphurct of lead by the 
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action of this gas, becoming perfectly black ; water is formed at 
the same time, and carbonic acid evolved. 

Symb. HS & :C -Pb = S Pb, & II & :C. 

Air containing even a 20,000dth part of its bulk of hydrosub/huric 
acid acts on carbonate of lead’, the basis of most white paints. 

336. All hydrosulphates (compounds of this acid with the 
salifiable bases) may, in general, be formejl by passing a stream 
of hydrosulphuric acid gas through a solution of the different 
bases dissolved or suspended in water ; or by indifect # proccsses, 
where the hydrosulphuric acid and the base are presented to 
each other in a nascent state. The most important will be de- 
scribed under their respective bases. 

337. All the hydrosulpliates are decomposed bv heat, but the 

nature of the resulting compound varies according to the base 
with which the hydrosulphuric acid is eojnlyned. Magnesia 
parts with all its hydrosulphuric acid ; potassa and soda* give off 
hydrogen and hydrosulphuric acid, part of the sulphur being 
retained ; and the hydrosulphates of manganese, zinc, iron, tin, 
and antimony, are converted ^n to water and metallic sulphurets. 
( Dr lire.) * 

% 

Sect. V. — Bisulphureted Hydjiogen; called also Hydroper- 
sulphnric Acid, 11yd robisulphuric Acid, Per sulphur eted Hydro- 
yen, and Sulpha reted Hydrosulphuric Acid. Thenar d consider* 
that there are 'several compounds containing an excess of sulphur 
combined with hydrogen. 

Symb. S Hi. Eq. by W. 33.2 ; (S. 32.2 + > II ). 

• 

338. Bisulphureted hydrogen is prepared by adding a solution 
of the sulpliureted hydrosulphate of liiAe to an equal bulk of 
hydrochloric acid. A quantity of sulphur is immediately preci- 
pitated, and the bisulphureted hydrogen is slowly deposited ip 
the form of a viscid oily-looking substance of a yellow colour. 
Its smell is disagreeable, if ns inflammable; and is speedily de- 
composed when gentiy heated or exposed to the air, hydrosul- 
phuric acid being disengaged, and sulphur deposited. 

339. Bisulphureted hydrogen has not hitherto been applied to 
any important practical purpose. It resembles much the bin- 
oxide of hydrogen in the extreme facility with which it is 
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decompjscd, and tlie combination may be subverted by many of 
the same agents which so readily decompose the binoxide. 

340. Add a grain or two of oxide of silver in fine powder to a 
fowdiyjps of the bisulphuretcd hydrogen. The oxide is instantly 
reduced, hvdrosulphurie acid is disengaged, and heat and light 
are evolved, the metal becoming incandescent. 

341. Add in the sai^e manner to another portion of the bisul- 
phureved hydrogen, admail cpiantity of binoxide of manganese ; 
an effervescence immediately takes'- place, hydrosulphuric acid 
gas being disengaged. Proceed in the same way with charcoal 
in fine powder, sand, or oxide of mercury. Aqueous ammonia 
also acts rapidly upon this substance, part of the sulphur being- 
precipitated. 

342. The sulphurkted ^HYDiioguLPHATKs may be prepared 

by digesting solutions of the hydrpsulphates with flowers of sul- 
phur. Rub the sulphur with a drop or two of the liquid in a 
mdrtar at first, that they may mix more easily together, the sul- 
phur resting on the top of the liquid for a long time, when this 
precaution is not taken. ,, 

343. The sulphurated^ hydrosulphates of the alkalis and earths 

are almost the only combinations of this kind that have been 
frequently prepared, but their chemical history is still imperfect. 
They also contain compounds of sulphur and oxygen as well as 
bisulphureted hydrogen, in the fbrm in which they are usually 
prepared. „ 

344. Prepare the sulphurated hydrosulphate of lime by boiling 
320 grains of hydrate of lime with <560 of sulphur, in six or s'even 
tim^s their Weight of water, till a deep amber-coloured liquor 
appears on the top on allowing it to rest for a few seconds. No 
oxygen is evolved, though it is generally considered that a por- 
tion of water is decompbsed and bisulphureted hydrogen formed. 
It is probable therefore, on this supposition, that some compound 
of sulphur and oxygen is produced/ and unites with part of the 
lime ; the remainder of the lime uniting with the bisulphureted 
hydrogen. Dr Dalton, however, terms the compound quadri- 
mlphuret of lime . 

346. The colour of these solutions varies from a greenish- 
yellow to a reddish-orange. They are distinguished by their dis- 
agreeable odour, bitter taste, and by absorbing oxygen readily 
from the air, or any gaseous mixture containing it ; a property 
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in consequence of which they have been much employed in 
cudiometrical experiments. They are all decomposed by the 
acids, and when the solution is dilute, a copious precipitation of 
sulphur takes place. Little or no hydrosulphuric acid is disen- 
gaged unless a very concentrated solution and a strong acid be 
employed, and hence it is presumed that, on the addition of an 
acid which has a great affinity for the baje contained in one of 
these solutions, the oxygen of the hypos ulpyurous acid (supposing 
that to he the compound which the oxygen of the wqjtcr that is 
decomposed forms with the sulphur) combines with the hydrogen 
of the bisulph&reted hydrogen, and the sulphur of both is preci- 
pitated. ’ • 

346. It is in this manner that the precipitated sulphur of the 

London College is prepared*, formerly called Lac Sulphuris or 
Milk of Sulphur. See 258, § page 84. A jsulphureted hydro- 
sulphate of lime is prepared by boiling one part by weight of 
sulphur with two of lime and about forty of water ; the resulting 
liquid is filtered through paper, and decomposed immediately 
by hydrochloric acid, which JLs added as long as it causes any 
precipitation. The quantity of lime recommended by the Col- 
lege is considerably more than is required ; one eq. of lime i% 
sufficient to render four eqs. of sulphur sbluhle in w f ater. 
( Dalton.) 9 • * 

347. When sulphuric acid is*used instead of hydrochloric acid 

to precipitate the sulphur, sulphate of lime is precipitated along 
with it. This substance may be easily detected when mixed 
witfc sulphur, by exposing a an all .quantity to heat in a crucible 
placed in the fire, or still more easily by the blowpipe ; the sul- 
phur is dissipated, but any sulphate of lime which may be pre- 
sent remains. . f 

348. When these solutions absorb oxygen, they lose their dis- 
agreeable smell, their colour becomes lighter, and’a portion of 
sulphur is deposited. Bv long exposure to the air, they become 
quite colourless, the sulphur being converted into sulphurous 
and sulphuric acids. They tarnish the met&ls, and give precipi- 
tates with a number of metallic solutions. They must be kept 
in bottles well closed with glass stopples, or corks made perfectly 
air-tight with a little wax-lute. 
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- , CHAP. V.— SELRNIUM. 

o. 

Symb . Se. Ay. A// W 7 40 ; $/>. yr. 4.5. 

f 

349. Selenium is $n elementary substance which was dis- 
covered a few years pgo by Berzelius, in sulphur prepared by 
sublimation from iron-pyrites. It has hitherto been obtained 
only in small quantity, and has not been applied td* any use. 
As it will be seldom made the subject of experiment by those 
commencing the study of chemistry, it may be sufficient in this 
place to refer to the 13th volume of the Annals of Philosophy, 
where the process for preparing it. is described. It is a solid 
substance, of a dark, brown colour, and metallic lustre, melts at 
229°, boils at 600°, forming a yellow -coloured vapour, which 
condenses in a powdery form like the flowers of sulphur, but of 
a red colour. It combines with oxygen when heated in the air, 
producing a strong smell, similar to that of horse-radish. The 
products are oxide of selenium, and a small quantity of an acid, 
at one time called the selenie acid, but now scion Sous acid, in 
consequence of another acid compound having been discovered 
containing a larger quantity ot oxygen. 

350. The selenie acid bears great resemblance to the sul- 
phuric acid in all its chemical habitudes with the. different sali- 
fiable bases ; and selenium, indeed, in most of* its combinations, 
produces compounds analogous, to those which sulphur forms \vith 
the same substances. 

351. Selenium and hydrogen unite together when the selenuret 
of potassiunyacts bn water, the oxygeji of the water combining 
with the potassium, artd forming potassa, while the selenium 
unites with the hydrogen. On adding hydrochloric acid to the 
cpmpound of selenureted hydrogen* and potassa which remains, 
the former is disengaged in the gaseous form, while the hydro- 
chloric acid combines with the pota&sa. It possesses all the pro- 
perties of an acid, and may be termed hydroselenic acid. 
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Syml. P. Eq. by W. 15.7,- sp. gr. 1.7. It melts at 100°, and 
vaporizes at 550°. 

352. When bones a^e burnt to whiteness in an, open fir£, all 

the animal matter which they contain is dissipated, and nothing 
remains but a solid mass of a fine white colour, consisting almost 
entirely of phosphate of lime, a compound of phosphoric acid and 
lime. It is from this that „ phosphorus is usually prepared. A 
superphosphate of lime is formed in the first place, by mixing 
the phosphate in fine powder with thnee-fourths of its weight of 
sulphuric acid previously diluted with an equal weight of water. 
The mixture should be made in a large wedgewood mortar, 
stirring it constantly, and adding water from time to time, till 
the mass becomes quite fluid and of a uniform consistence. 
The sulphuric acid combines with the greater part of the lime, 
and the phosphoric acid set at liberty attaches itself to a portion 
of the phosphate which is not decomposed, forming superphos- < 
phate of lime. After the mixture has been k£pt for a day or 
two, stirring it frequently, and adding* more \Vater to keep it 
quite fluid, it is put into a linen* bag. The superphosphate of 
lime, which is dissolved by the water, filters into a receiver placed 
below, while the sulphate of lime remains. More water is poured 
upon Ihe mass as long as the* liquor which passes through is 
sensibly acid ; and the filtered solutions are then evaporated Jill 
they assume a syrupy consistence, when they axe to be mixed 
with as much powdered charcoal as may render themjsolid. On 
drying the mixture, and ^exposin^f it ,0 *- 

in an earthen retort to a strong heat J L 
in a furnace, phosphorus is* disen- / \ 

gaged, and as it is easily volatilized, )/'^ - 

it maybe collected by connecting the NL_Jjj ^ & 

beak of the retort with a tin tube M a 

which is made to dip into water. J |]IC 

353. In the annexed figure (107) m * 4 

taken partly from Mitscherlich's ar- i 

rangement of apparatus for this pur- 
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pose, a is the body of the earthen retort, b the wide tube lead- 
ing the gas and phosphorus into the receiver r, from which the 
gas escapes by the long small tube. 

3&4. In conducting this operation, a very large quantity of 
gas is disengaged, which inflames when it comes in contact with 
the air. To prevent accident, from the phosphorus congealing, 
the tube ought not Co be long or narrow, and always kept as 
warm as possible. v • 

355. ‘The materials should be well dried by exposure to heat 
in an iron ladle or Crucible placed over an open fire, before they 
are put into the retort, to prevent them from swelling and boil- 
ing over. The retort should fce coated with Willis’s lute (see 
Lutes), which prevents the phosphorus from passing through the 
pores of the retort, through which it easily forces its way at a 
high temperature when this pfecaution is not adopted. The 
superphosphate of lime does better for the preparation of phos- 
phorus than phosphoric acid, as it is not so apt to be volatilized. 

356. In this process the carbon combines with the oxygen of 
the phosphoric acid in excess in (he superphosphate of lime, and 
forms part of the gaseous products which are disengaged ; phos- 
phureted hydrogen gas is also produced by the combination of a 
portion of phosphorus with l some of the hydrogen of the water 
that is always united with tbis i acid, when prepared in the man- 
ner that has been described. 

357. If it be required merely to illustrate the principle on 
which phosphorus is prepared, and not to procure any quantity 
of it, whiclj may now be always purchased from the manufac- 
turer, thirty or fifty grains of a mixture of phosphoric .acid (or 
of the superphosphate of lime prepared in the manner mentioned), 
with half Cts weight pf charcoal, may be put into a green glass- 
tube sealed at one end, about a foot in length and half an inch 
in diameter. The tube should be coated with a mixture of two 
parts of clay and one of sand, previously mixed with cut thread 
or flax, and then fyave iron wire wrapped round it. The coating 
need not extend farther than an inch beyond the part to which 
the mixture reaches when it has been introduced, as this alone 
is to be exposed to lieat. It is placed in a chauffer with a hole 
cut in the side, in the manner shewn in the following figure, and 
a chimney placed over it (page 5) to increase the heat ; the tube 
should be gently inclined downwards, to carry off any watery 
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pl * ion. vapour that may be disengaged and condensed 
on its sides, and the end which is not coated had 
better be drawn out at the blowpipe when the 
mixture has be'en put in, till it is about a quarter 
or an eighth of an inch in diameter. A green 
glass-tube is much better than one made f of flint-glass, as it is 
not so easily melted. A mixture of red-hpt cinders and char- 
coal gives the best fire *for ihis experiment. The phosphorus 
sbon begins to come, condensing aloAg the sides of the tube, 
and a flame appears* at the open end, similar to what is produced 
by the combustion of phosphorus. If the tube be broken off 
above the point where it is' coated, after gas ceases to be dis- 
crigaged, on blowing through it, the phosphorus immediately 
takes fire and burns with a vivid light. # t 

358. Phosphorus was formerly prepared from urine,* by ex- 
posing it, after being evaporated to dryness, to a high tempera- 
ture, the carbon of the animal matter decomposing the phos- 
phoric acid which it also contains. By adding a solution of the 
nitrate of lead to it, phosphate of lead is precipitated, which 
yields it more readily, when mixed with about a fourth of its % 
weight of charcoal. THfe same compound may*be obtained by 
adding a solution of the phosphate 1 of sevda to e* solution of the 
acetate of lead, phosphate of lead being thrown down, and ace- 
tate of soda remaining in solution. 


359. The phosphorus obtained in these processes is never 
pure, ]iaving a reddish-brown colour which arises from the pre- 
sence of some phosphuret of carbon formed during* the distilla- 
tion. It is purified most effectually by a second distillation ; Sut 
for ordinary purposes it will be sufficient to melt it in hot water 
and press it through chamois leather under water. * 

360. The distillation of phosphorus may be conducted in a 
small glass-retort, the phosphorus being covered with water to, 
the depth of about a quarter of an inch before applying heat, and 
the beak of the retort inserted into a receiver*containing a small 
quantity of water, and dipping under its surface. A strong and 
steady heat is then applied to the bottom of the retort by an 
argand or common spirit-lamp; the phosphorus is melted, the 
water boils and is condensed in the receiver by the cold water, 
which soon becomes heated to the "temperature of 212°, and is 
thereby not so liable to be forced back into the retort wfcen all 
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the water has been distilled over. The heat should theu be 
gradually increased by bringing the lamp nearer the bottom of 
the retort, and the phosphorus is speedily volatilized, condensing 
in the tube of the retort and dropping into the receiver. When 
the last ^portion of phosphorus is converted into vapour, the beak 
of the retort may be lifted out of the water in the receiver, and 
placed in a small cup or saucer with a little hot water in it (no 
more th^n insufficient to cover the beak), and in the same man- 
ner as the retort for preparing oxide of nitrogen, Fig. 71, page 
48. All this time the lamp must not be shifted, and the heat 
must be maintained as steadily, as before ; but when the retort 
has been adjusted in the manlier described, the heat may be 
withdrawn. The vapour of phosphorus still remaining in the 
retort soon condenses ; the water rises in the tube, but as the 
quantify is so small, atmospheric air enters before it has pro- 
ceeded far, when it again falls, and continues rising and falling 
till the retort has become cold. The small quantity of air which 
enters at a time in this manner prevents any violent action taking 
place ; its oxygen combines with some of the phosphorus still 
remaining in the retort, a lambent phosphorescent flame appear- 
ing in the neck, and at last the retort ft filled with nitrogen gas. 
When cold, the, phpspborus ^adhering to the retort may be re- 
moved by boiling more water ui it, but this ’ must not be mixed 
with the rest, as it contains the most of the phosphuret of carbon, 
which generally condenses in the neck, forming a crust of a rich 
red colour. 

361. In conducting the distillation of phosphorus, some prefer 
filling the Retort full of water after the phosphorus to be dis- 
tilled has been introduced, and replacing it by nitrogen gas. 

362. phosphorus obtained by distillation is transparent, 
and has little or no colour. It may be procured in the form of 
sticks, by melting it in hot water, and pouring it into glass- 
tubes slightly tapered and closed at one end by a cork. The 
tube must also be placed in hoA-water ; the phosphorus being 
heavier than this liquid sinks in the tube and displaces the water. 
It is of a waxy consistence at natural temperatures, and may 
be easily cut with a knife. 

363. In all experiments with phosphorus, great care must be 
taken not to allow it to'come into contact with air when melted 
or exposed even to a very gentle heat, if it be not required to 
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kindle it, as it is apt to take fire, even when gently pressed be- 
tween the fingers, or .when heated a very little above its melting 
point. It ought also to be cut under water, as it frequently 
takes fire when cut in theflbp^n air ; and should never be'held 
by the fingers. Accidents are continually taking place from not 
attending to these precautions. It must be kept in botfles filled 
with water, and should not be exposed t* the light, as it then 
soon acquires a crust upon its surface. Wdien phosphoruses to 
he inflamed in atmospheric Air or oxygen gas, it must iflways be 
well dried on bibulous paper, which prevents it from throwing 
out sparks. 

364. Phosphorus appeal’s lutninous in the dark when sur- 
rounded by atmospheric air, and traces drawn on the wall with 
it (holding it with a pair of pincers, and having the hands pro- 
tected by gloves) present a beautiful phosphorescent appqprpjice ; 
a basin of water should til ways be at hand when this is done, in 
case the friction* should cause it to take fire. It appears that 
this luminousness depends upon a small portion of phosphorus 
being dissolved by the nitrogen of the air, which combines with 
the oxygen when in this minute state #of division; for when 
phosphorus is enclosed in a jar with pure oxygen, little or no < 
action takes place at ordinary temperatures. *When water is 
boiled with a little phosphorus, part of it rises? in vapour along 
with the steam, and renders it luminous w hen it comes in con- 
tact with the air. • If the steam be made to issue from a small 
aperture, it presents a luminous cone, which is incapable, how- 
ever, of inflaming any combustible matter. 

365. Phosphorus is insoluble in water, but is dissolved % by 
alcohol, ether, and fixed and volatile oils, he solutions are 
effected easily by heating these different liquids with the phos- 
phorus in a flask. They are luminous in {lie dark when exposed 
to the air. 

366. Cut several thin slices of phosphorus ; dry them on bi- # 
bulous paper, by moving them from place to place upon it, but 
never touching them with the fingers ; and heap them loosely 
together in a little tow or cotton. A slow combustion goes on, 
which often increases till the phosphorus inflames, but the result 
is affected so much by the currents induced in the air, and upon 
the manner in which the small portions *pf phosphorus touch each 
other; that it is impossible to predict the result. 
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367. Phosphorus does not undergo slow combustion in oxygen 
unless heated to 80°. But if the oxygen be mixed with air, 
nitrogen, hydrogen, or carbonic acid, minute portions of the 
phosphorus are dissolved by these substances, and the slow com- 
bustion can then go on at 60°. Professor Graham has shewn 
that ° 

1-I50th paj*fc of sulphuric ether vapour, 


1-450 olefiant gas, 

R. 1820 naphtha vapour, * 

1 1-4444 pil of turpentine vapour. 


prevent the slow combustion of phosphorus at 66°, and retard 
oi; diminish it at higher temperature^. 

368. When phosphorus is inflamed in atmospheric air, a large 
quantity of white fumes *s formed, which may be collected by 
including the phosphorus in a glass jar. These consist of meta- 
phosphoric acid formed by the union of the phosphorus with Jhe 
oxygen of the air, falling down in the jar like flakes of snow. 
Great heat and light are produced during its combustion. The 
apparatus represented by Fig. 69, page 45, may be used for this 
purpose, placing it upon a brass plate, which ought to be per- 
fectly dry, as the phosphoric acid is extremely deliquescent. 

369. When phosphorus is^bumfcdn oxygen gas, the combustion 
is very brilliant, "and an intense dazzling light is produced, which, 
however, is of short duration. *Tlie phosphorus (previously well 
dried) may be placed in a copper cup suspended by a wire from 
a small plate of copper, Fig. 73, page ’50, and kindled by touch- 
ing it with a hot wire when it has been put into a bottle dr vase 

o Fig. io 9 . filled with oxygen. When a very large quantity of 
v gas is used, a vessel of the form represented in 

<■ the adjoining figure, will be found very convenient. 
f \ It is' filled with water after putting a cork into the 

V J opening at the top, placed on the shelf of a large 

pneumatic trough, in the same manner as a jar, 
^ and oxygen gas introduced by the lower aperture. 
When quite fall, it is allowed to drain, removed on a flat plate 
of brass, the cork taken out, and a thin plate of copper placed 
over the top. Sand to the depth of half an inch being placed 
where the jar is to rest, and the phosphorus in a small cup being 
kindled by an iron wire, tfye vessel of oxygen is placed. over it 
The copper plate allows part of the oxygen to escape freely 
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when expanded by the heat. Corks should never be k*;pt in 
during the combustion, as they are generally set on fire ; and, 
if part of the expanded air cannot get out easily in consequence 
of the cork getting fixed, tl^ apparatus will in general be blown 
to pieces. It is often broken, also, when a large quantity of 
phosphorus is employed. 100 cubic inches of oxygen ©an com- 
bine with about 24 grains of phosphorus, tyit 8 or 10 grains will 
be sufficient in this experiment. # * 

, 370. The apparatus sliewrein Fig. 69, p. 45, and Pig. $5, p. 84, 
do extremely well for the combustion of small quantities of phos- 
phorus in oxygen. # 

371. Phosphorus may tie inflamed under water by driving a 
stream of oxygen upon it, putting a few grains into a glass, and 
pouring boiling water over it.till it # is half full. The oxygen 
should be made to issue from a small brass po/^le held in con- 
tact with the melted phosphorus* as in 
the annexed figure, and connected with .a 
gasometer (or a bladder containing oxygen) 
by a flexible tube. The aperture at the 
pointed extremity of the nozzle need not 
be more than j^th of an inch in diameter. ^ 
The products of the action are an acid 

* compound in Solution, and a brownish-co- 
loured oxide of phosphorus left in minute fragments, and mixed 
in general with uncons tuned phosphorus. 

372. If a thin piece of phosphorus be dried, folded in paper, 

and i*ubbed with a piece of wood or any solid substance, it im- 
mediately takes fire. # * • 

373. Metaphosphoric acid alone is formed during the com- 
bustion of phosphorus in oxygen gas, but when it f is heated in 
air which has been rarefied to a very grt?at degree, or inflamed 
in a quantity of atmospheric air not sufficient to supply oxygen 
for its combustion, both phosphorous and metaphosphoric acid; 
are formed. These are also mixed with another substance of a 
red colour which contains a\maller proportion of oxygen than 
phosphorous acid, ,and has been regarded as a compound of three 
of phosphorus with one of oxygen. It has, accordingly, been 
termed the tkitoxioe of phosphorus. 
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Sect. I. — Hypophosphorous Acid. 

Xyrnb OP* or P*. Eg. byrf.SQA (0.8 + 31.4 P). 

374. boil water with phospl^E4t of barium. Part of the water 
is decomposed ; a portion of Jtte phosphorus combines with the 
hydrogen of^the waVer, formffig phosphureted hydrogen which 
escapes, Vtnd other portions produce hypophosphorus and phos- 
phoric acids, by combining with its oxygen. These acids unite 
with baryta, the phosphate of baryta, which is insoluble, being 
left, while the hypophosphite of baryta may be removed in so- 
lution by water. 

375. To the solution of • the hypophosphite gradually add di- 
luted sulphuric Ucid, till no farther precipitate appears ; filter, 
that the sulphate of baryta formed in this manner may be sepa- 
rated ; the solution contains the hypophosphorous acid. 

376. The solution of the acid may be concentrated till it 
becomes viscid and crystalline. <■ When subjected to an in- 
creased heat, the acid and water react upon each other ; part of 

» the acid acquiring oxygen from the water and also from another 
portion of acid which is decomposed, and producing phosphoric 
acid ; while the phosphorus of the decomposed acid, along with 
the hydrogen of the water, form pliosphureted hydrogen. All 
its salts are soluble ; and it is a powerful deoxidating agent. 

t * » 

, _ Sect. II. — Phosphorous Acid. 

t 

Symb. O* + P* or : P*. Eq. by W. 55.4 = Oxygen 24+ Phosphor m 

* 31.4. 

«■ • 

377. PhmplwroM Acid is formed when phosphorus is inflamed 
dn a smaller quantity of air than is necessary for its complete com- 
bustion, and even when phosphorys is exposed to the air at na- 
tural temperatures. It is mixed, however, with phosphoric or 
metaphosphoric acid. The process best adapted for preparing 
it in a pure state, was pointed out by Sir H. Davy. A piece of 
dry phosphorus is put into a tube retort, and bichloride of mer- 
cury in powder placed over it. On exposing the retort to heat, the 
phosphorus, as it rises in vapour through the bichloride, takes 
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one proportion of* chlorine -from it, and a limpid fluid condenses 
in the receiver, a compound of chlorine and phosphorus. On 
mixing it with water, they mutually decompose each* oth^r, the 
chlorine combining with the hydrogen of a portion of the water, 
and forming hydrochloric acid, while the phosphorus .takes the 
oxygen, and is converted into phosphorous acid ; by heating the 
liquid till it becomes of a thick consistence, all the hydrochloric 
acid and most of the water^arc driven ofl£ and the phosphorous 
•acid, still combined with a portion of water, becomes a solid 
crystalline mass on cooling. • 

378. It has a sour taste and a disagreeable fetid smell. It 
reddens the vegetable blues, and when exposed to heat it is de- 
composed, a portion of phosphureted hydrogen being disengaged, 
and phosphoric acid remainiflg. It* is a powerful deoxidating 
agent, and precipitates gold, ‘silver, mercu?y, # and platinum in 
the metallic form. 

Sect. III. — Phosphoric, Pyro phosphoric, and 
Metaphospiioric Acids. 

Symb. : iP 2 . Eq. by W. 71.7 = Oxygen 40 -f ffl.7 Phosphorus. 

379. Professor Clarke has shewn that the phosphoric acid,* 
without" undergoing any change of composition, is altered in its 
properties by subjecting it to heat, and can be restored again to 
its original condition by boiling it with water. Professor Graham 
has added to the interest of lliis Subject by shewing that it is 
susceptible of a farther modification. The three different con- 
ditions of this acid require particular notice. 

380. Phosphoric Acid can exist only % in solutioA, or in com- 
bination with three eqs, of water, or other substances. Water 
can act the part of a salifiable base in some of its combinations, 
or it may replace one, as in dne of the phosphates of soda, whePfe 
one eq. of acid is combined v^ith one of wate\* and two of soda. In 
this condition it is termed basic water. Again, phosphoric acid 
dissolved in much water, is considered in reality to be more 
specially in combination with three equivalents of water, a tri- 
phosphate of water being produced, which is supposed to be dis- 
solved by the other portions of water.* » The method of procuring 
it is described in par. 392. 
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381. Pyhophosphohic Acid is a modification of common 
phosphoric acid discovered by Professor Clarke. It is formed 
when a concentrated solution of phosphoric acid is heated to 
415°. f Neutralized by ammonia, a richite granular precipitate is 
formed on adding nitrate of silver, by the colour of which it is 
distinguished from the phosphoric acid (393). The solution of 
pyrophosphoric acid is supposed to contain two eqs. of water 
combined witlj the acid, this compound being dissolved by the 
remainingnvater. It returns to the condition of phosphoric acid 
when boiled with water. Its salts, also, the pyrophosphates, are 
returned to phosphates by boiling in the same manner. To pro- 
cure a pyrophosphate, one eq. of phosphoric acid is heated with 
two eqs. of soda or potassa. By heating to redness the common 
phosphate of soda, one equivalent of water is expelled (basic 
water) besides the water of crystallization, and pyrophosphate 
of soda is left, containing one eq. of acid and two of soda. 

382. Metaphosphoric Acid is produced by burning phos- 
phorus in dry atmospheric air or oxygen. It is then anhydrous, 
and is deposited in the form of light flocculi, resembling snow. 
No more phosphorus should be used than can be supplied freely 
with oxygen, to prevent the formation of phosphorous acid. 
Metaphosphoric acid may also be obtained in combination with 

•water, by heating to reaness the aqueous phosphoric or pyro- 
phosphoric acid. A higher temperature volatilizes the water 
and acid in combination. t , 

383. Procured in this manner, it presents the appearance of 
glass, and is often termed glacial phosphoric acid . 

3JJ4. Prepare anhydrous metaphosphoric acid by burning 
Fig. in. phosphorus in air, supporting it on a copper or iron cup, 

: Fig. till, and placing it upon a plate of metal or glass, 
a large glass shade or jar being placed over it, as in Fig. 
69, page 45, that the acid may be collected upon the plate, 
o 385. Expose a portion of the whtae and bulky metaphosphoric 
acid to the air. It soon attracts moisture, and becomes fluid. 

386. Pour a few drops of water upon another portion in a 
wine glass. The water combines with the acid, producing a 
hissing noise. Mix some albumen with a solution of the acid 
produced in this manner. The albumen is immediately coagu- 
lated. 
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387. Add a solution of metaphosphoric* acid to a salt of *bary ta ; 
metaphosphate of baryta is precipitated. 

388. Add another portion to a solution of the nitrate of silver. 
Metaphosphate of silver is precipitated of a white colour, with 
a shade of grey. 

389. The phosphoric acid is usually procured from the solu- 
tion of the superphosphate of lime (352), •which always contains 
a small quantity of the^ sulphate of lime, When prep#red>8rf>m the 

. phosphate by sulphuric acid. Carbonate of ammonia is added 
to this liquid till it is completely neutralized (as long as any 
precipitation takes placp) ; the excess of phosphoric acid com- 
bines with the ammonia* forhiing phosphate of ammonia and 
disengaging carbonic acid with effervescence, while the phos- 
phate of lime previously retained in solution by the excess of 
acid is precipitated. The sulphate of lime»is*at the s{tme time 
Recomposed by another portion of the carbonate of ammonia, 
carbonate of lime being thrown down, and sulphate of ammonia 
remaining in the solution along with the phosphate of ammonia. 
After filtering and concentrating the liquid by evaporation, the 
phosphate of ammonia crystallizes, stilbmixed with the sulphate 
of ammonia, and on melting these in a silver or platinum crucible} 
the sulphate of ammonia is volatjjized, and the ammonia of the 
phosphate at the same time expelled. * The phosphoric acid is 
melted, forming a transpareni and colourless glass as it cools. 
In this state it lias passed to the condition of metaphosphoric 
acid, and Worthier affirms that it still contains one-fourth of its 
weight of water. • * 

390. If the solution of the superphosphate of lime be evapo- 
rated as it is procured at first, a solid substance is obtained, si- 
milar in appearance to the glacial phosphoric aci<i procured in 
the manner which we have just* described ; it is evident, how- 
ever, that it must be contaminated with phosphate and sulphate 
of lime, and if the evaporation should be conducted in glass or 
earthen vessels, and the diy mass fused in an earthen vessel, 
it will contain a still greater quantity of impurities, as phosphoric 
acid acts both on glass and earthen vessels when its solution in 
water is concentrated, or when it is fused by exposure to heat. 
For many purposes where phosphoric acid is required, the solu- 
tion of the superphosphate of limf may be employed instead of 
the purified phosphoric acid. 
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391. Phosphoric acid, may be formed also by dropping very 
small pieces of phosphorus at a time into a vessel of platinum, 
as a crucible, fillechnalf full of nitric acid, and continuing to add 
it till no more is dissolved ; the acid should be heated gently by 
a lamp oj* chauffer. The phosphorus takes oxygen from the 
acid, and a large quantity of binoxide of nitrogen is disengaged. 
The operation must b£ concluded with extreme care, to prevent 
any violtnt action takfhg place. When a sufficient quantity has 
been added, .the phosphoric acid may be obtained in the solid’ 
form by evaporating the liquid to dryness, by which any traces 
of yiitric acid or ammonia are completely expelled. The pro- 
duction of ammonia arises from the complete decomposition of 
a portion of water and of nitric acid, the hydrogen of the one 
combining with the nitrogen of th$ other, as the oxygen of both 
is removed by tlfe phosphorus. By the action of the heat in 
evaporating it, the phosphoric acid passes to the condition of 
metaphosphorie acid. 

392. The metaphosphorie acid, prepared as described in the 
preceding paragraph, and in 382 ‘and 389, may be restored to 
the state of phosphoric tfeid by boiling it in water. 

” 393. Phosphoric acid is sublimed by exposure to heat in close 
vessels, without losing the water that remains with it after fusion ; 
and still more rapidly when heated by the open fire ; but when 
combined with a small quantity of an alkali or earth, it cannot 
be volatilized. It is very soluble in water and deliquescent, 
tastes extremely sour, but is not corrosive ; it reddens the vege- 
table blues. On neutralizing pliosphoric acid by an alkali, it 
gives a white precipitate with salts of lead, and a yellow preci- 
pitate with nitrate of silver. It is not easily crystallized, and 
yields phosphorus vyheq heated along with inflammable matter. 
It acts upon silica and most vessels containing this earth. 

394. Arsenic has lately been observed in many specimens of 
phosphoric acid and also of phosphorus, and is supposed to have 
been derived from the arsenic in the sulphuric acid used origi- 
nally in preparing it. It is frequently in the form of arsenious 
acid, when it may be detected in the usual manner by hydrosul- 
phuric acid. (See Arsenic.) But when mixed with phosphorus 
it may be observed in the metallic form, or separated in this con- 
dition as a black powder, when a solution of the phosphorus in 
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diluted nitric acid is concentrated till the phosphorous acid is de- 
composed with the production of phosphureted hydrogen. 

395. T. he substance formerly called phosphatic acidj 'formed by 
exposing phosphorus to a moist atmosphere, has now been* found 
to be a mixture of phosphorous and phosphoric acids. y 


Sect. IV.— -Phosphureted ifYDRoatfi!. ( 

Syvnb . H 3 P*. Eq. by W. 34.4 = Hydrogen 3 + Phosphorus 31 .4. 

Eq. by volume □□ f two measures ). 

396. This gas is prepared by exposing the crystalline com- 
pound of water and phosphbrous acid (377) to heat in a small 
retort, and collecting the gas that is distfnghged over water. 
The oxygen of part of the phosphorous acid and of the water 
converts the rest of the acid into phosphoric acid, and the phos- 
phorus that remains combines with the hydrogen of the water 
that is disengaged. 

397. Another method of preparing* phosphureted hydrogen 
consists in mixing hydrochloric acid diluted with several parts erf 
water with phosphuret of calcium- For this purpose a small 
tubulated retort is filled nearly full with the acid liquid ; frag- 
ments of the phosphuret are then put in, and the gas collected 
over the pneumatic trough. Phosphuret of calcium, indeed, de- 
composes water without the addition of an acid, and disen- 
gages phosphureted hydrogen gas? but it is procured more easily 
by adding the hydrochloric acid. In both cases, a porti<m of 
the water is decomposed, its oxygen combining with the calcium 
and forming lime, and the hydrogen uniting with thfc phosphorus. 

398. Phosphureted .hydrogen gas, in its purest form, is 
transparent, colourless, and not spontaneously inflammable at 
ordinary temperatures. It -detonates with air or oxygen, how- 
ever, when heated to 300°, or when the electric spark is passed 
through the mixture. If prepared with potassa or lime in the 
manner described in the following paragraphs, it is disengaged 
at first spontaneously inflammable. Professor Graham has also 
ascertained that it becomes spontaneously inflammable at natural 
temperatures, if mingled with frqm 4-d0,000dth to l-1000dth 
part of nitrous acid. 
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399. A third method of preparing phosphureted hydrogen 
consists in mixing small pieces of phosphorus with water and 
potassa or lime, and exposing the mixture to heat in a glass or 
metallic Retort ; but it is not considered so pure when obtained 
in this ipanner. With lime the gas comes away slowly and 
steadily when it begins to be disengaged, but with potassa it is 
evolved much more rapidly, and more care is required in con- 
ductingnthe p/ocess. With a large quantity of water, the gas 
is long in coming, as the materials do not act upon one another 
till the most of the water has been expelled. 

400. Forty grains of phosphorus, 50 of caustic potassa, and 
60 drops of water, give this gas very peadily when gently heated 
in a small retort (capable of holding an ounce and a half or two 
ounces when quite full) anil with Very little trouble. The wa- 
ter should be pu\; in first, then thfe phosphorus in a single piece, 
and lastly the potassa, which produces considerable heat as itvs 
dissolved. A spirit-lamp or gas-lamp will be found most con- 
venient for heating the retort, as the temperature may be easily 
regulated by holding it at any distance that may be required. 
A slight explosion generally takes place in the interior of the 
'retort, from the, phosphureted hydrogen that is first produced 
reacting upon the common aie in the retort ; and as consider- 
able condensation takes place ,at the same time, if the beak 
of the retort be placed in the pneumatic trough before this is 
observed, water will be very apt to be thrown into it by the 
pressure of the atmosphere. The best method is to plaep the 
beak of the ^retort into a cup containing a very small quantity 
of water in the manner shewn in Fig. 71, page 48, not trans- 
ferring it to the pneumatic trough till the vapours formed in 
the retort shall have bfsen expelled, and # the gas be transparent 
and colourless, which takes place almost immediately after the 
air in the apparatus has been acted upon by it. If thereat be 
Applied very slowly at first, the oxygen of the air is gradually 
consumed. The b$ak of the retorl^used in all these experiments 
should be small, that neither air nor water may enter too quickly. 

401. When a large quantity of this gas is required, it will be 
found convenient to prepare it by filling a green glass-retort 
(a metallic one is still better) with milk of lime and chips of 
phosphorus; 75 gteiiris of* phosphorus with 1500 of slaked lime 
and three and a half or four ounces of water by measure will 



PREPARATION OF PHOSPHURETED HYDROGEN. 127 

give a sufficient quantity for the experiments which are’usually 
performed with it. A tin tube may be attached to the beak 
of the retort, if it is not sufficiently long. After a considerable 
quantity has come over, a gas is disengaged, which does not 
take fire spontaneously ; the process may then be discontinued. 
When a metallic retort is used, it should be made of two pieces, 
similar to that represented by Fig. 22,'page 13. Gun-metal 
is much better than iron for this purpose. filled 

'about two-thirds full, and heated by a chauffer, placing it on 
the cinders. 

402. To shew the horizontal rings that are formed when this 

gas takes fire in a calm atmo- 
sphere, which present a very 
beafttiful appearance, the beak 

^ ’ of the retoft fhould be placed 
under water in the pneumatic 
trough, or in a glass basin. Every 
bubble of gas, as it breaks on the 
surface of the water, immediate- 
ly takesffire, and produces a ring. 

403. Place a jar half full of air on the shelf pf the pneumatic 
trough, and allow one or two bubbles of the gas to rise in it ; a 
vivid flash of light is seen as before, and oxygen is consumed. 
The jar must be held firmly as the gas enters. 

404. Place another jar half full of oxygen gas in the same 
situation ; each portion of the gas as it rises in the jar and 
mixes with the oxygen produces j an extremely yivid flash of 
light, perhaps as intense, though only momentary, as cau be 
made by artificial means. In performing this experiment, care 
must be taken not to allow ttm gas to, accumulate in the jar 
without mixing with the oxygen, which frequently, takes place 
from the deposition of a film of phosphorus on the surface 
of the water. This rises with the gas, and sometimes a largfe 
quantity gathers into a singly globule, and whenever this breaks, 
the jar is thrown down or broken by the violence of the explo- 
sion. To prevent gas accumulating in this manner, all that is 
necessary is to tap the jar with the finger when they begin to 
appear, or shake it gently over the shelf of the trough on which 
it is standing ; should they not explode immediately, the jar 
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must bte removed at once from the pneumatic trough, and the 
air allowed to enter freely. 

405. When mixed suddenly with one and a half times its 
volume of oxygen gas, it is all consumed, and a violent detona- 
tion takes place. Two strong jars containing the proper pro- 
portions of the gases must be employed for this experiment, and 
the one into which tho gas is transferred should be more than 
suffice tojydd both the gases, and wider than the other ; it 
is scarcely necessary to add that they must be mixed under water. 

* *■ t * 

and only a sn 19 .ll quantity of the gases employed, about one or 
two cubic inches. 

•406. A flash of light appears also, according to Dr Henry, 
when this gas is admitted into a flask exhausted of air as com- 
pletely as can be done by ,*he air pump, shewing that there is 
still a small quantity of air present. To shew this, a jar with 
a stopcock fixed to it is filled with the gas, or it may be only 
filled in part if it should be a large jar, and an exhausted 
flask, which must also be provided with a proper stopcock, is 
connected with it precisely in the same manner as the bladder 
is connected with the jjir in Fig. 46, page 28. The stopcock 
}f the* jar is opened first that the phosphureted hydrogen may 
have time to act on the small, quantity of air between the two 
stopcocks, and on opening the other, water is forced from the 
pneumatic trough into the jar by the pressure of the atmosphere, 
and the gas which it contained at the same time passes through 
the connector into the exhausted flask. 

407. The products of its cpmbustion, both in air and oxygen, 
are f metapho&phoric acid and water. Experiments similar to 
those which have been described may be made by transmitting 
the gas into<jars filled with chlorine, a brilliant green light being 
produced ; the chlorine combines with the hydrogen, and also 
with the phosphorus, forming hydrochloric acid and chloride 
of phosphorus. If a glass-retort be taken into a dark room 
while full of this gas, it presents a very beautiful appearance, 
as the atmospheric ^air gradually mixes with the phosphureted 
hydrogen. 

408. Phosphureted hydrogen may be detonated with oxide 
or binoxide of nitrogen ; it is decomposed also by iodine and 
potassium, which combine with the phosphorus. Water ab- 
sorbs about five per cent, according to I)r Thomson, when it 
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has been previously boiled to expel the air which it usually 
contains ; solutions of the sulphate of copper and chloride of 
calcium absorb it in large quantity, and are employed to 
ascertain its purity, as they t do not absorb any other gases 
with which it might be mixed. Its smell is very fetid and 
disagreeable. * 


.409. Numerous interesting researches have been made in 
reference to the compounds of phosphorus and hydrogen, by 
Thomson, Dumas, Rose, and other chemists, but their history 
has not yet been completed. The spontaneously inflammable 
phosphureted hydrogen gas, and that not spontaneously inflam- 
mable, have more recently been'Tegarded as isomeric compounds. 
From the researches of Leverrier, it is now considered,— 

I. That the spontaneously inflammable gas consists of two 
cqs. of phosnhopus and two of hydrogen. 

II. That, the compound frequently termed perphosphureted 
hydrogen consists of phosphurited hydrogen and a small quan- 
tity, about l-30th, of the spontaneously inflammable compound. 

III. That the solid matter deposited from the gas prepared 

with potassa or lime mixed with wjter and phosphorus, is a di- 
h vdrui et of phosphorus, consisting of two 9 cqs. of phosphorus and 
one of hydrogen, 9 


Sect. V. — Phosphuret of Sulphur. » 

410. Phosphorus and sulphur combine in all proportions, form- 
ing a compound that is more fusible and inflammable than either 
of these substances. It must be made with great caution, as an 
explosion always takes place on heating its elements together, ^ 
arising probably from the presence of a little moisture, which 
it is not easy even with evsry care to separate from them, 
Thenard having observed a disengagement of hydrosulphurie 
acid at the moment of combination, under whatever circum- 
stances they may be presented to each other. The phosphorus 
is believed to take the oxygen of the water as the sulphur com- 
bines with the hydrogen. 
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41 li The best method of preparing this compound consists 
in taking 10 or 20 grains of phosphorus, heating it* in a test- 
tube about 8 inches long and half an inch in diameter, and add- 
ing the sulphur in small pieces at a time, not exceeding half 
a grain. The phosphorus must be made to boil briskly by a 
spirit-lamp immediately before each piece of sulphur is allowed 
to drop into it, and the effervescence arising from its action al- 
lo^d**o t<u;minate before another piece is introduced. 

412. rn the ordinary way, if eveh a few grains of phosphorus 

and sulphur be heated gently together in a tube till fusion take 
place, the reaction is often so violent that the materials are 
thrown to a distance of several feet ; the larger the quantity of 
moisture adhering to the sulphur or phosphorus, the more dan- 
gerous the action. - ° 

413. Liebig has formed a hydrated phosphuret of nitrogen by 
the action of solid chloride of phosphorus, with ammonia and 
water. See Phil. Mag. vol. Yii. 1835. 


CHAP. VII. — CARBON. 

4 

tiymb. C. Eq. by W. 612 ; by volume □ (one measure), tip. gr. 
of Wood Charcoal 0*441. 

The Diamond consists of Qarbon in its purest form. 

CHARCOAL consists almost entirely of carbon , but is mixed with 

1 any saline or earthy matter , which the wood from which it is 
prepaid may contain. 

Coke is the cKdrcoUl of coal, and contains carbon in a much 
denser form, and much less pure than the charcoal of wood. 

Done Black or Ivory Black is the charcoal procured by the 
decomposition of Bone or Ivory. It is frequently termed Ani- 
mal Charcoal, but some apply this term to charcoal obtained 
by healing other animal substances. 

Plumbago or Black Lead is composed principally of carbon 
with a small portion of iron. 

Coal is generally composed of carbon, oxygen, hydrogen, and 


/I 
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nitrogen , mured with iron , sulphur, and various saline and earthy 
substances. 

Splint Coal presents a splintery fracture . • 

Caking Coal undergoes an imperfect fusion when heated , before 
it is reduced to a cinder . 

Cherry Coal has a slaty fracture , and is very easily broken. 

Cannjel Coal or Parrot Coal gives aHarge quantity of gas , 
which burns with a rich flame, andris preferred fo wth e r epara- 
tion of coal gas. * 

Glance Coal or Anthracite, consists almost entirely of car- 
bon. It burns with a fixed light , little or no flame being evol- 
ved when it is heated . „ # 

414. Though carbon has r/bt been obtained in the gaseous 

form, so as to admit of experiments being iftadfe with if; in this 
style, it maybe volatilized by the action of a powerful galvanic 
battery, and it has been customary to represent its equivalent 
by volume by a measure equal to that of the equivalent of hy- 
drogen gas. The term Car ban is used to signify the pure and 
inflammable part of charcoal, which, urtthe manner that it is 
usually procured always contains a small proportion of earthy* 
matter. % 

415. Charcoal is prepared on the large scale by piling wood 

into cones, which are often of an immense size, covering it in 
a great measure witli turf, and setting fire to it through a few 
air-holes, which are closed when it is properly kindled, it is also 
prepared in great quantities nbw, by exposing wood to heat in 
iron cylinders, for the manufacture of gunpowder, where a figier 
kind of coal, as it is technically termed, is required. A large 
quantity of inflammable gases, water, tai\ and impure acetic or 
pyroligneous acid are djsengageA; the latter is condensed in 
barrels connected with the cylinders, and purified by subsequent 
operations. Wood consists of carbon, oxygen, and hydrogen,* 
and in both these processes the oxygen and hydrogen, and part 
of the carbon, are driven off by the heat, the different products 
that are disengaged being formed by these elements* combining 
with one another. The greater part of the carbon remains, 
mixed with any saline matter that may have previously existed 
in the wood. # • 

416. To prepare a small quantity of charcoal, a few pieces of 
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wood rtiay be put into a crucible, covered with sand, and ex- 
posed to heat in the open air or in a furnace. When no more 
gas is disengaged, the crucible may be removed from the heat, 
but the charcoal must not be taken out till it is cold, to prevent 
it from taking fire. The wood (a potato does equally well) may 
be cut into the form of a crucible, or any other shape that the 
charcoal may be required to have. 

fFTXVerj' pure cafbon maybe obtained by exposing several 
inflammable substances tomcat in vessels where they are not, 
brought into contact with the air, as by passing the vapour of 
alcohol or tuq>entine through a red-hot tube ; a considerable 
quantity of carbon is deposited, In the form of a fine powder. 
The condensed soot that is obtained from the imperfect com- 
bustion* of resinous substances, oil, tar, and other inflamma- 
ble matters, and known by the, name of lamp black , consists 
principally of carbon, in a very fine state of division ; and when 
exposed to a red heat for some time in a covered crucible, to 
drive off any volatile matter adhering to it, may be used for ex- 
periments where the purest carbon is required. 

418. The charcoal obtained by the smothered combustion of 
coal, as that from the gas-works, is usually termed coke , and con- 
sists of that portion of the carbon which the hydrogen and oxy- 
gen have not been able to carry away in the gaseous form, 
mixed with saline and earthy matter which the coal contains. 

419. Charcoal usually retains the form of the wood from 
which it is prepared. It is black and brittle, insoluble in wa- 
ter, and has the property of destroying the odour, the taste, and 
the t colour of many substances, from which it is much employed 
in the arts, and for domestic purposes, as in rendering tainted 
meat fresh, Jkc. By filtration through charcoal powder, water 
that has turned putridVrom b&ing lon^ kept in wooden vessels 
becomes sweet and palatable. 

c 420. On the small scale, it is often used with great advantage 
in depriving of their colour solutions which are to be chemically 
examined. For this purpose, aniihal charcoal , termed also ivory 
black , is usually preferred, which is a mixture of charcoal and 
phosphate of lime, prepared by exposing bones to heat in close 
vessels. The charcoal is derived from the decomposition of the 
animal matter of the bon/?. 

421. By exposing it to a red heat in close vessels, after it has 



CARBON. 


133 


been employed in decolorizing processes, or for removing offen- 
sive odours, it will be rendered again fit for use, and thus the 
same portion of charcoal may be employed repeatedly. 

422. Charcoal is infusible J>y heat, and undergoes littlc # or no 

change in its appearance or properties when exposed to heat in 
close vessels ; but when subjected to the action of a* powerful 
galvanic battery, part of it is volatilized, *and the lustre of the 
remainder is increased* while it also becolhes so foprd be 

•able to scratch glass. It approaches^ no small degree, there- 
fore, in its character to the diamond, which is composed of pure 
carbon, and produces thcj same compound ^carbonic acid) during 
its combustion. . * 

423. When charcoal has been recently prepared, it has the 

property of condensing in its # pores large quantities of different 
gases, without any other changes taking placfc in thejr condi- 
tion or its own. 'The following table by Saussure, shews the 
quantity of different gases which boxwood-charcoal absorbs, 
when allowed to remain in contact with these different gases 
for twentv-four hours. • 


Ammonia,, .... 90 vols. 

Hydrochloric Acid Gas, 89 
Hydrosulphuric Acid, 65 
Oxide of Nitrogen, . 40 


Carbonic Acid* . 35 vols. 

§ Oxygen, . . 9.25 

Nitrogen, . . . 7-5 

Hydrogen, ... 1.75 


424. Charcoal is highly inflammable, producing great heat 
during its combustion, and is mueh employed as fuel, especially 
where smoke must be avoided, as it gives no ffame nor^ soot 
when properly prepared. In oxygen gas it burns more brilliantly 
than in atmospheric air, producing vivid sparks ; the apparatus 
already described for the combustion of charcoal in oxide of 
nitrogen, Fig. 74, page 50, may be used. In bo£h cases, the 
product of the combustion iif carbonic acid. The oxygen neither 
increases nor diminishes in volume, but becomes heavier by 
the quantity of carbon which combines with it ; every 16 parte 
of oxygen take up 6.12 of carbon. 

425. Even the diamond, the hardest substance in nature, may 
be inflamed in oxygen gas ; carbonic acid is the only product 
of its combustion. It was in this manner that its real nature 
was ascertained, though Newton conjectured that it was an 
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inflammable substance long before the experiment was made, 
from its great refractive power. 

426. Expose some well pounded charcoal to a red heat in a 

eovefed crucible, remove it, and tften drop some nitric acid upon 
it from a pipette with a long stem. The charcoal takes oxygen 
from tlio acid, and a shower of sparks is thrown out. Charcoal, 
in a minute state of division, decomposes this acid at a much 
lo\Vbr temperature. ; # 

427. ^fhe charcoal procured from different varieties of wood, 
burns with various degrees of facility according to the texture 
of the wood, and the heat employed in preparing it. The lighter 
and more porous, and the lower the temperature with which it 
may have been prepared, the more readily does it enter into 
combustion. It is not considered -desirable to heat it always till 
it becomes black ; in the finest kinds of gunpowder, the char- 
coal always presents a brownish shade, which may be easily 
seen on bruising a little on some white paper. In this condi- 
tion, it is probable that the volatile matter in the wood has not 
been entirely expelled. 

428. Many varieties of coke, prepared at a high temperature, 
and containing iron and other impurities, often present a vitre- 
fied appearance, assuming a ltyiden colour, and refusing to burn 
in an open fire. The anthracite, a variety of coal resembling 
coke in being composed principally of carbon, presents the same 
peculiarities ; but if these be heated in a furnace where a greater 
heat is produced than in a common fire, they burn for a long 
time, and produce a very high temperature. 

429. All carbonaceous substances, whether they arc consumed 
with facility or not in a common fire-place, may be deflagrated 
on heating them with nitre, a mode often resorted to with the 
view of proving the presence of carbon. Take one or two grains 
of coke that*does not burn in an ordinary open fire, reduce them 
to a fine powder, mix them with thrice their weight of nitre, and 
heat the mixture in a green glass-tube, held in the flame of a 
lamp. The mixture should not occupy more than a quarter or 
half an inch of the tube in depth. The carbon receives oxygen 
from the nitric acid of the nitre, and produces carbonic acid, 
which combines with the potassa and forms carbonate of potassa. 

430. Dissolve the residuum in water, filter, and let the filtered 
liquor drop into lime water : a turbidity is immediately induced 
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;ts the carbonic acid unites with the lime and forms carbonate 
of lime. 

431. Many animal and vegetable matters, when heated, leave 

a very hard carbonaceous crust, difficult of incineration. • If it 
be heated with nitre, however, it is consumed in the same manner 
as the powdered coke. • 

432. Should the coke or other carbonaceous matter fused with 
the nitre, contain any iron or earthy substance, it,, in g^nwal, 
•remains on the filter after •the carbonate of potassa has passed 
through in solution. 

433. From the powerful affinity which charcoal has for oxygen 

at a high temperature, it is •employed for deoxidating many 
metallic ores, and other substances. With this element it forms 
two important compounds, <mrbonip oxide and carbonic acid. 
It unites with hydrogen in several proportions, nnd with nitrogen 
it forms cyanogen, the Vrase of hydrocyanic acid. It enters into 
the composition of all the products of the vegetable and animal 
kingdoms. It is used in the preparation of steel, in the compo- 
sition of gunpowder, and forms the basis of black paints and 
printing ink. $ 


Skct. I. — Carbonic'Oxide. 

JSymb. OC, or *0. Eq. by \V. 14.12 ; by volume [ 1 ( one measure), 
tip. gr. 0.973. W. of 100 c. i. 30.180 grains. 100 c. i. of water 
absorb 1.56 of this gas. 

m 

434. There are several processes by which this inflammable 
gas may be procured, most of which consist essentially in de- 
priving carbonic acid qf half its* oxygen by heating it with some 
substance which has a great affinity for this element. The 
most convenient method fs to heat crystallized oxalic auid 
with aqueous sulphuric acid in a retort, collecting the gases 
evolved at a pneumatic trough filled with lime water ; 500 
grains of oxalic acid and six or eight drams by measure of 
sulphuric acid, give a large quantity of gas. The heat must he 
applied cautiously, to prevent the disengagement of gas from 
going on too quickly. The retort .should not be filled more 
than a third full. A much larger quantity of sulphuric acid 
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maybe employed, and the gas is then very rapidly evolved. In 
this process, the aqueous sulphuric acid withdraws the water of 
crystallization from the crystallized oxalic acid. But dry oxalic 
acid ‘consists of two eqs. of carbon and three of oxygen, and 
when the water of crystallization is withdrawn, these are re- 
solved into carbonic oxide and carbonic acid gases. The lime 
combines with the carbonic acid as the gases are discharged at 
thfpneuma^jc trough, the water becoming milky as the carbo- 
nate of time thus formed is precipitated. The carbonic oxide is 
left (439). If the gases be collected at the mercurial trough, 
and caustic potassa be introduced into a tube or jar contain- 
ing the mixed gases, the carbonic acid is removed by the potassa. 
The carbonic oxide which remains is exactly equal in bulk to 
the carbonic acid condensed. 

Symb. :C* = «C&:C. 

435. Another method is to expose dried chalk to heat wjth 
£fh equal weight of iron-filings in an iron tube-retort, raising its 
temperature speedily in a good furnace or open fire, till the gas 
begins to come. The materials should be reduced to as fine a 
state of division as possible, and the temperature must never be 
allowed to fall, otherwise the gas soon ceases to come, or car- 
bonic acid is disengaged instead of carbonic oxide. Any of the 
iron retorts represented* in the chapter on oxygen will do very 
well for preparing this gas. 

436. In this process, the chalk (which is a carbonate of lime) 
parts w ith its carbonic acid on exposure to heat, and the iron 
mixed with it takes away one equivalent of oxygen, thus re- 
ducing the carbonic acid to carbonic oxide. Charcoal may be 
used instead of iron, and occasionally they are employed to- 
gether, but iinless the charcoal be freed completely from water 
and hydrogen, the carbonic oxide that # is then procured will be 
contaminated with carbureted hydrogen, By mixing a small 
portion of charcoal with the iron-fiHngs and chalk, the residuum 
of the operation is extracted much more easily from the appa- 
ratus in which they are heated A sufficient quantity of gas for 
shewing the general properties of carbonic oxide may be pro- 
cured from 250 grains of chalk. 

437. Another process for preparing carbonic oxide gas con- 
sists in transmitting carbonic acid repeatedly over carbon at a 
high temperature in a porcelain tube. It should be sufficiently 
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long to allow corks to be put in at both ends without any danger 
of their being destroyed by the heat when it is made to traverse 
a furnace. The tube is to be stuffed with fragments of chat- 
coal ; a bladder with a stopcock, half full of carbonic acid, is 
then fitted to one of the corks by Coring a hole through it, and 
an empty bladder to the other. When the charcoal has been 
properly heated, taking care not to urge Ihe heat too strongly 
at first lest the tube should be cracked, £he carfcaftic acid is 
passed slowly over the charcoal from, the one bladder to the 
other by pressing it gently, and this is repeated several times. 
The volume of the carbonic acid is doubled, and it is converted 
entirely into carbonic oxide* Carbonic oxide is procured more 
easily by the methods previously described. 

438. The theory of the action is • sufficiently obvious; the 
carbonic acid is converted into carbonic otfid^ by losing one 
proportion of oxygen, as is seen in the following diagram, and 
this, combining with part of the carbon, also becomes carbonic 
oxide. But carbon occupies the same volume whether combined 
with one or two equivalents (Jf oxygen ; consequently, a given • 
measure of carbonic acid must double its Volume when converted 
into carbonic oxide by carbon. 

Materials. Fi K- US.* . Products. 

{ Carbon 6. 12* - ■ 1 4. 1 2 Carbonic Oxide. 

22.12 Carbonic Acid, < Oxygen 8 

, (Oxygen 8 

6.12 Carbon 6.12 :~:::.*.,-.14.I2 Carbonic Oxide. 

Symb. C & :C = 2 C. 

• • 

439. When carbonic oxide is required particularly pure^ it 
ought always to be agitated with lime-water or a very dilute 
solution of caustic potassa, to remove the .small quaiftity of car- 
bonic acid which it generally contains, by whatever, process it 
has been prepared. 

440. Carbonic oxide is an Inflammable gas, transparent and* 
colourless, and burns with a pale blue aqd lambent flame. 
During its combustion it combines with half its volume of oxy- 
gen, and is converted into carbonic acid ; a condensation taking 
place equal to the volume of oxygen consumed. It detonates 
feebly with pure oxygen, even when mixed in the exact pro- 
portion required for converting it into* tforbonic acid. It is very 
noxious to animal life. 
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Sect. II. — Carbonic Acid. 

• 

Symb. Q*C, or :(J. Eq. by W. 22.12 ( oxygen 16 -f* 6.12 carbon); 

by volume □ ,* sp. gr . 1.524 ,* W. of 100 c. i. 47.283 grains. LOO 
mC. i. of water absorb 100 c. i. of this gas. It is gaseous at ail 
temperctiftres to which it has hitherto been exposed under ordinary 
pressure , but has been rendered liquid by a pressure of thirty-six 
atmospheres. 

# 

441. Carbonic acid is most easily procured by pouring hydro- 
chloric acid diluted with an equal bulk of water on fragments 
of white marble, a compound of carbonic acid and lime. The 
hydrochloric acid combines with the lime, and the carbonic acid 

Js disengaged with effervescence. The materials may bo #put 
into a retort, or a bottle or flask witli a bent tube adapted to it 
may be employed, as no heat is required ; the gas is collected in 
jars over the pneumatic trougfi. Two parts of hydrochloric 
acid (sp. gr. 1.18) by weight may be taken for every part of 
marble. As 100 grains of marble contain 44 grains of carbonic 
acid, which occupy very nearly the space of 100 cubic inches at 
ordinary temperatures, it is easy to calculate the quantity of 
marble required to afford a given bulk of gas. 

442. Carbonic acid is a transparent and colburless gas, heavier 
than air, and incapable of supporting combustion or respiration. 
Animals a»j asphyxiated ifninediately when they breathe in an 
atfmosphere of this gas, and life is soon altogether extinct if 
they be not speedily removed to the air. Hence the fatal acci- 
dents which occur in<old weljs and pits, at the bottom of which 
it often accumulates in considerable quantity. A burning 
candle, therefore, should always be let down before any person 
descends, which will be extinguished if the air is loaded with 
this gas, apd incapable of supporting respiration. It must not 
be forgot, however, that there are instances where individuals 
have soon become insensible, from the action of this gas, in an 
atmosphere not sufficiently loaded with it to prevent the com- 
bustion of a candle. 

443. An oil-lamp bAns* in general more powerfully than a 
candle, and may be seen in constant use in mines containing 
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air so vitiated with carbonic acid that it cannot support the 
combustion of a candle. 

444. From its great specific gravity, carbonic acjd^gas may 
be poured from one jar into another in the same manner as water ; 
and ajar left full of it, with the cover off and the moutji turned 
upwards, will retain it for a considerable time. A candle may 
be extinguished also by pouring the gas up&n it, and the experi- 
ment may be varied in many different ways. 

• 445. Pure carbonic acid does not pass into the lungs when 
it is attempted to inspire it, a spasm of the glottis which im- 
mediately takes place preventing its entrance ; but if it be diluted 
with a considerable quantity of air, it then passes freely into the 
lungs, and though its action is scarcely perceptible at first, it 
soon gains upon the system, and has often proved fatal in a close 
apartment where a charcoal chauffer has beerl uSed. * 

446. Water absorbs its own volume of carbonic acid gas or 
rather more, and by pressure it may be made to take up a much 
larger quantity. A solution is easily made by filling a bottle 
about two-thirds full of the gad over the pneumatic trough, and 
shaking the remaining water with it as i’ong as it continues to 
absorb any. It may he kept for years if put into bottles which 
are filled quite full and properly sexured. 

447. Carbonic acid water is sometimes prepared on the small 
scale* by passing the gas through water in the bottles of Woulfes 
apparatus, page 90. Another apparatus, invented by Dr Nooth 

Fifi. in. (Fig* H4), is also occasionally used for this pur- 
pose. It consists of "three glass ve^els, which 
are made to fit accurately to each other by grind- 
ing. In the lower vessel, the carbonic acid is pre- 
pared from a mixture of eqiu^l weights of sulphuric 
acid and chalk, the acid being previously diluted 
with twelve times its weight of water. The ap- 
paratus is inclined to one side, by a small piece ' 
of wood placed below it, that all the chalk (which 
should be finely powdered) may not mix with it at 
once. The middle vessel is filled with the water to 
be impregnated with the gas, a valve at the bottom 
allowing the carbonic acid to rise into it from the 
lower vessel, when it is accumulated in sufficient quantity to over- 
come the piessure of the liquid above, but constructed so as to 
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prevent any of the solution from falling into the lower vessel. 
When the gas accumulates in the middle vessel, it presses upon 
fhev surface of the liquid, a part of which is forced into the vessel 
above ; and when the whole water has been completely saturated, 
the excess of carbonic acid, after passing into the upper vessel 
(which always takes place whenever the level of the liquid falls 
h$low the extremity of the tube part of the upper vessel, as is 
represented in the figure), lifts up the conical stopper at the top, 
which returns to its place the moment it has escaped. Before 
using it, tlie‘valve should be examined to ascertain that it moves 
readily on blowing through it. 

448. Carbonic acid water has a pleasant acidulous taste, 
sparkles when poured from one vessel to another, but loses its 
agreeable pungency wh eh exposed to heat, or to the air for some 
time, from the acid gas escaping. This also takes place when 

^it is frozen, or placed in the exhausted receiver of an air-pijmp. 

449. Pour a little of the infusion of litmus into some carbonic 
acid water ; it is immediately reddened ; by boiling it for a few 
minutes the original colour is restored. 

450. Mix another 'portion with some lime-water in a glass ; 
it immediately becomes milky, carbonate of lime being formed, 
which is insoluble. Add un additional quantity of the acid 
water, and the liquid becomes^ clear, as a bicarbonate of lime is 
then formed, which is soluble. If it now be exposed to heat, 
the excess of carbonic acid is disengaged, and it again becomes 
turbid. 

451. Po*ir some lime-wSter on a flat plate, and expose it to 
the air; a pellicle is speedily formed on its surface, from the car- 
bonic acid in the air combining with the lime. 

452. Bfbw air froTp the lungs through some lime-water in a 
bottle by^a bent tube. The carbonic* acid produced during res- 
piration combines with the lime, and renders the liquid turbid. 

453 Fill a tube, about 12 or 18 inches long, with car- P i g . 116 . 
bonic acid gas o^pr the pneumatic trough ; close it with 
the finger or thumb, and place it in a small cup of mer- 
cury, or on the shelf of a mercurial trough. Introduce a 
small quantity of a strong solution of caustic potassa from 
a pipette of the form represented in Fig. 115, by blowing 
upon it, taking care n<ft ta allow any air to enter. If the 
carbonic acid be quite pure, the potassa absorbs it all, 
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carbonate of potassa being formed, and the mercury rises hi the 
tube. If any common air be mixed with it, the bulk of the re- 
maining gas indicates the quantity, and deducting this from the 
total amount of gas, the remainder gives the quantity of carbonic 
acid which it contained. 

454. Carbonic acid combines with the different salifiable bases, 
forming a very well defined class of salts, ^t has, however, but 
a feeble attraction for them compared with aifaiost all .other acids, 
and may be easily displaced 0 , assuming at the same time the 
gaseous form, when it is not retained in solution by a large 
quantity of water. The carbonates accordingly effervesce with 
most other acids, and by noting* the quantity of carbonic acid 
disengaged in this manner, the quantity of carbonates in any 
saline mass may be estimated.*' This* may be done either by 
measuring the volume of carbonic acid, which* a given weight of 
mixed salts affords, or by ascertaining its weight. 

455. In the first case, the easiest method of proceeding is to* 
fill a long tube (closed at one end, and capable of containing two 
or three cubic inches) nearly full of mercury, filling it up after- 
wards with hydrochloric acid diluted with an equal quantity of 
water. The thumb is placed over this, after dipping it in oil, 
or rubbing it over with a little gas^lute, the tube inverted, and 
placed in a cup of mercury. One or twd grains of the solid salt 
are then introduced into the tube’ (the experiment is most easily 
performed with a fragment of some carbonate), and the moment 
it rises to the top, and comes in contact with the acid, the car- 
bonic acid is disengaged with effervescence, depressing the mer- 
cury. The amount of gas is estimated by examining the volujpe 
which it occupies and making the usual corrections ; one equi- 
valent of carbonic acid indicating one equivalent of ajcarbonate, 

whatever mav be the nature of th£ base. 

* • . 

456. In the other method, which is more generally adopted, a 

thin glass flask or bottle, of the form shewn in Fig. 116, Fig. n«. • 
is placed on one of the scales of a balance with some 
hydrochloric acid, and, along Vith a given weight of 
the substance under examination, and the bent tube 
passing through the cork which fits to the mouth of 
the flask, accurately counterpoised. This tube is put 
in when the acid and carbonates 'are .mixed together, to pre- 
vent any loss from particles of fiquid that are thrown up 




142 


CARBONIC ACID. 


during the effervescence. Instead of a bent tube and a cork, the 
mouth of the flask may be obstructed with some cotton wool, 
which equally prevents any loss of the liquid, and allows the 
carbonic acid to escape. When the effervescence ceases, by 
adding weights to the scale on which the glass vessel is placed 
till it is again counterpoised, they will indicate the quantity of 
carbonic acid that has been evolved ; before weighing it the 
second time, the coi*k and tube should taken out till the car- 
bonic acid gas in the interior has been blown out gently by a 
pair of bellows. 

457. All bicarbonates (salts containing two equivalents of 
acid with one of the base) are decomposed when heated to 212°, 
or even with a less elevated temperature ; the excess of carbonic 
acid being expelled, and » carboYiate left. 

458. % Carbonic acid exists abundantly in nature, especially in 
combination with lime, forming T 4 ^ of every pure variety of yar- 
“uoiiate of lime. In the Grotto del Cane, and soine other natu- 
ral situations, it flows out in a continued stream in the gaseous 
form. It constitutes the characteristic ingredient of the carbo- 
nated mineral waters,* and is formed in large quantities by the 
respiration of animals, during combustion and fermentation, and 
by those changes which dea^ vegetable and animal matter are 
continually undergoing at the surface of the earth. It is gene- 
rally supposed that carbonic acid is prevented from accumulating, 
and the purity of the atmosphere maintained, by the vegetable 
world, the leaves of plants decomposing carbonic acid in the 
sunshine and exhaling oxygen. * In the shade, however, they 
abgorb oxygen, and produce carbonic acid. 

Combustion of* Carbon ip Fire-Places and Furnaces. 

469. Wlben carbon is freely supplied with oxygen, carbonic 
cacid is always produced. But when the bed of cinders or of 
charcoal is of considerable thickness, the oxygen of the air being 
exhausted in a great measure at* the first layer of fuel it comes 
in contact with, the carbonic acid rises through the superincum- 
bent carbon, and is decomposed by it, carbonic oxide gas being 
formed by the carbon abstracting part of the oxygen of the car- 
bonic acid, while another portion of carbonic oxide is evolved 
as the first eq of oxygen is withdrawn. But the two eqs. of 
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carbonic oxide thus formed burn freely with a pale blue ■flame 
when they come in contact with the air at the top or front of 
the fire, and combining’ with oxygen, they produce ultimately 
two eqs. of carbonic acid. By studying the symbolical ’ex- 
pression of these changes, they will be easily understood. 

I. C & 2 -N 2 = :C & 4 N. Carbon and two of air produce 

carbonic acid and 4 of nitrogen. * 

II. :C & C = 2 *C. Carbonic acid and barbon produce two 

of carbonic oxide. • 

III- 2 *C & O* = 2 :C. Two of carbonic oxidq and two of 
oxygen produce two of carbonic acid. 

460. The blue flame produced by the combustion of the car- 
bonic oxide is most distinctly marked in cold frosty weather, 
when the air is dry ; but in sAmmer, when the air is charged 
with much more moisture thgu in winter, •tli* flame # is less 
marked, the hydrogen of the watery vapour forming carbureted 
hydrogen, which burns with a different hue. 

461. The intensity of the heat produced by the combustion 
of carbon is much influenced® by its purity and state of ag- 
gregation, the quantity consumed withfn a given time, the 
construction of the fire-place or furnace in which it is used, 
and the manner in which the aiij is supplied* In all ordi- 
nary fire-places and furnaces, the drhught or velocity with 
which the air is propelled in the'chimney depends upon the de- 
gree to which it is expanded, and the height of the column of 
expanded air. The greater the expansion (that is, the greater 
the difference between the specific. gravity of the external air 
and that of the air in the chimney), and the higher the coluym 
of expanded air, — the greater the velocity of the movement, the 
greater the consumption of fuel within a given time, and the 
more intense the temperature. Pew subjects are of more im- 
portance to the practical chemist than the movements induced 
in aerial fluids, so far as they depend upog alterations of tempe-* 
rature, and the following figures on this subject should be care- 
fully studied by the beginner fill he is quite familiar with them. 

462. When a fire is kindled in the open air, the fuel heats 
and expands the air in contact with it, and this rarefied air be- 
ing no longer able to resist the pressure of the denser atmo- 
sphere by which it is surrounded, ^he latter rushes in on every 
side and pushes up the warmer' air. Each successive portion of 
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cold arir becomes rarefied as it advances to the source of the heat, 
and is pushed up in its turn, and this movement continues so 
lang as an inequality of temperature is sustained. Tlie real 
cau&e, then, of the draught or movement of air in a chimney, 
is the pressure of the colder and heavier external air upon that 
expanded by heat and within the chimney, a continual current 
taking place so long«ns there is any fuel to maintain an elevated 
temperature. 1 


• FURNACES, FIRE-PLACES. 

463. If a fire be kindled in the middle of a room. Fig. 117, 
the door, windows, and chimney, being completely closed, the 
air at the fire-place expands, and^becomes lighter, bulk for bulk, 
than the rest, which descends and flows under it, pushing it 
upwards in the same manner as water poured into any vessel 
'with a cork at the bottom, sinks under the cork, and floats it as 
the liquid insinuates itself below r it. A perpetual circulation 
thus goes on so long as the heat* is continued, all the air being 
in time involved in this movement, cooling and sinking on the 
exterior, while fresh quantities are continually expanding as the 
heat affects thefn.* # 



464. If a fire be kindled ih an apartment or chimney, close 
below but ‘open above, a current of warm air will ascend, the 
<cold air descending at the sides .and forcing it up, so that the 
air will be continually^renewed ; see Fig. 118. 

465. When a fire is heated ill a chimney open below and 
above, the air moves quickly, the warm air in the chimney 
being pushed up rapidly by the external colder and heavier air, 
Fig. 119. 

* This and the following pafagr^pita on the movement of air, &<•., are taken 
from my Rudiments of Chemistry. 
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466. When two chimneys are connected together by a flue. 
Fig. 120, and a fire kindled, in one of them, the air ascends in 
th^ one with the fire, being pushed upwards by the cold air 
which descends through the other. A similar arrangement 'is 
frequently adopted in ventilating mines ; the horizontal part of 
the figure may represent that part of the mine which is* worked, 
and the perpendicular portions the two shafts which lead to the 
mine, the air descending in the one and rising in the other. 

467. In Fig. 121, theT currents are represented as’ they occur 
in a common fire-place. Air enters by the doors or windows. 

468. Fig. 122. illustrates the currents in a furnace. There, 

the space left open in a cOmmqp fire-place being closed, a more 
intense heat is produced; as no air escapes into the chimney 
which does not pass through, the fuel and contribute to the 
combustion, so that the column of air in the chimney is more 
expanded (461). ’ ° * 


Fig. 121. 


Ft*. m 




Fig. 122. 



469. That the fuel may be supplied with air, and the foul air 
be removed, fresh air must have free access to the apartment. 

Fig. 123. — When, the doors and windows fit so 

tightly as not to admit of this, then some 
apeiture must be made for this purpose 
alone. Fig. 123, represents a mode 
which hail been Occasionally adopted for 
{his purpose, one chimney leading in a 
descending current of fresh air, while by 
the common chithnev it is carried away. - 

470. When air is not admitted by this orkome other arrange- 
ment, cold air descends in the chimney, entangling- and carrying 
flown some of the ascending warm and smoky air, and in such 
cases the room will necessarily smoke ; two currents may be 
seen in such vents, Fig. 124, which # are perpetually affecting 
each other. 
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471. In stoves, Fig. 125, heated air is frequently produced 
by allowing cold air to enter between the inner case containing 
the fuel and the outer case ; the air is warmed as it passes, and 
may be* conveyed by pipes to a distant apartment. The smoke 
is led into a chimney by a separate; pipe. 

472. If heated air be introduced by 
thousands of small apertures in the 
floor of any apartment^ from a cham- 
ber where it is previously heated to 
the required temperature, it will as- 
cend in a continuous stueam ^vlien the 
external air is colder and heavier, as 
in Fig. 126. In warm weather the 
currents would not be sufficiently 
under our control, as the air iij the 
interior might then be frequently of the same temperature, or 
eveh colder than the air in the exterior. 

473. Lar^e public buildings may be ventilated in the man- 
ner represented in Fig. 127. •The air in the chimney having 
been heated powerfully and much expanded by the furnaco 
cannot resist the pressure of thg colder external air, which 
therefore pushes it upwards, and is forced in the same course 
in its turn : fresh ah* accordingly descends in the other chimney, 
as by a , b , c, passes through the apertures in the floor, and rises 
in a slow but constant stream to the roof, whence it is conveyed 
to the chimney. Doors are placed so as to allow the rapidity of 
the current to be regulated according to the quantity of air re- 
quired. A power may thus be obtained capable of operating to 
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any extent, and so completely under control that it can be 
adapted to the varying circumstances in which it may be applied, 
while it can also be easily regulated, and diminished on increas- 
ed v in an instant with the utmost precision. It will also act 
upon air although previously heated or cooled through the whole 
range of temperature observed at the surface of the earth. By 
kindling the fire in a, instead of at k, the course of the currents 
is entirely reversed. 

474. In a common fire-place, heat is communicated principal- 
ly by radiation, the smoke and consumed air ascending in the 
chimney. The less the quantity of metal, the greater the heat 
projected into the room. With large metallic bars and plates 
a great quantity of heat is continually withdrawn by conduction, 
as the air which passes by them ascends in the chimney. Some- 
times polished brass plates are' used with advantage at the sides 
of particular fire-places to reflect into the apartment any radiant 
heat which may fall upon them. Grates are almost invariably 
placed too high ; the branders supporting the fire Should be on 
a level with the floor, and the ash-pit sunk below tfyem. 

475. Figs. 128 and 129 represent some of the principal flues 
and furnaces attached to the* large chimney in the centre of mjr 
class-room, and the manner in which they enter in on every 
side, above and below ground. In some extensive manufac- 
turing establishments, a great number of furnaces often play into 
a single chimney. 

476. To the right in Fig. 128 a smith’s foroe is first ob- 
served, then a hevrhbekatory furnace where the flame passes 
over the material to be boated, and then another furnace for 
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Pig. 128. 



miscellaneous operations. Below: and in the middle, a furnace 
is placed to heat the superincumbent iron sand-bath plate, eva- 
porating basins being put there, while noxious fumes are carried 
away by the aperture represented. Above is another plate of a 
similar form, from which a more* moderate heat is procured. A 
glass is also represented resting on a projection, and before an 
aperture in the chimney, so that offensive gases from it are 
rapidly withdrawn. To the left, the first furnace observed is 
used for operations where andntertse heat is required ; the farge 
open space above the fuel allows all the consumed air to escape 
with rapidity, and fresh air to enter. A furnace with an earthen 
vessel called a Muffle is next seen ; it is used in refining gold 
and silver. A blast furnace for melting iron is observed at the 
extreme lgft ; the air, instead of entering through furnace bars, 
bfcing propelled by a fanner turned two thousand times a minute 
by a steam-engine. f 

477. In Fig. 129 another section of the same chimney is 
shewn, illustrative of the arrangements adopted in several of 
the furnaces with descending flues, and of the manner in which 
fumes are carried off in numerous operations where the pheno- 
mena could not otherwise* be # so easily shewn without injury to 
the operator and those around him. 
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478. On the extreme right four apertures are seen for this 
purpose, which are used with different kinds of apparatus. The 
retort which follows rests upon a few cinders mixed with char- 
coal, the air descending as in the other flues, v#ile the receiver 
is kept cold by the rapid current of air descending on every 
side. In the next figure the experimenter is supposed to be in- 
troducing antimony or arsenic into a vase of chlorine surrounded 
by a glass chimney. Adjoining the tall ehiihney there is a large 
glass ventilator used for nuihcrous experiments ; naphtha is re- 
presented burning in a cup, the flame descending upwards of 12 
or 18 inches. On the left hand, two furnaces are seen, well 
adapted for shewing some crucible operations which require to 
he watched as they advance, and between them is observed a 
section of the circular fire by Which +he practical class-room is 
heated ; it is about 3 feet in diameter, with a circular vent in 
the middle about 10 inches in diameter, which carries away the 
products of combustion ; with a less powerful chimney than that 
into which it plays, the diameter of the vent would require to 
he 2 or 3 inches greater. CoH» is usually employed in this fire- 
place, and the chimney is generally concealed from view by a 
wreath of blue flame, which descends within it, being produced 
bv the combustion of carbonic v F}g . 


oxide, formed as described in 
par. 459. 

479. Fig. 130 is an enlarged 
view of the descending venti- 
lating apparatus seen imme- 
diately on the right of the 
large chimney in Fig. 129. It 
consists of a large glass cylin- 
der open above and below, in 
the centre of which a portion 
of naphtha is represented in a 
state of combustion, the flame 
being carried down perpendi- 
cularly till it reaches the flue, 
and mixed with a large quan- 
tity of black smoke. The 
quantity of fumes carried off 
by any ventilating aperture 
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must depend upon the power of the chimney, and its area be 
regulated accordingly. The cylinder may be made of tin or iron 
instead of glass, where the object may be merely to ventilate, 
without shew ii^ any of the phenomena that may present them- 
selves during the progress of the experiment. 

480. If a single furnace be required, perhaps none will be 
found more generally useful than that represented in Figs. 131 

and 132, * It is of ii form extremely convenient for numerous 

0 
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operations ; and, where the vent is exposed on every side, other 
furnaces may be placed around it. The area for the fuel may 
be made frqpi 9 inches to a foot square, and the horizontal" chim- 
ney 5 to 6 inches in diameter. In the section, Fig. 131, it is 
shewn in use, an iron apparatus for the preparation of oxygen 
on the smdil scale beiyg placed in it. A front view is given in 
Fig. 132, \o shew the manner in which the bricks are arranged 
in small pieces, so as to be taken out and adjusted according to 
the experiment to be performed. The chimney works well when 
it is 9 or 10 inches square, and about 10 or 20 feet high. A 
shelf is placed below an aperture in the chimney ; and when 
it is required to carry off fumes from jiny mixture, the vessel 
is placed in the same situation as the flask, Fig. 132, the plug 
being removed from the aperture, which is at other times closed. 

481. Another form is^onjetimes adopted, Fig. 133, where it 
is not necessary to adapt it for iron bottles with attached tubes 
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for the preparation of oxygen and other gases. If the flue be 
carried from 10 to 20 feet high, or be led into another chimney, 
it produces great heat. The numbers express the size m inches. 

FiR. 133 . , 



482. Dr Black’s portable furnace, Fig. 134, is much used, 
and consists of a case of stout sheet-iron lined to the thickness 
of two or three inches with a very infusible clay or earthy com- 
position. Above is an aperturedbr an iron-pot to contain sand, 
and other openings may also be observed for introducing tubes 
and different kinds of apparatus. The pipe carrying away the 
smok^ must be prolonged, or connected with a chimney. 

483. In many cases, when noxious fijuss. 


gases are disengaged during an opera- 
tion that must be continued for some 
time by the application of heat,* they 
may be carried away conveniently in 
the following manner. Connect a tube, 
expanding into a funnel-shaped vessel, 
with the upper part of the a chimney 
through which fuel is usually introduced, 
in the manner represented in the ad- 
joiningfigure(135). All noxious vapours 
are earned away by the chimney through 
this temporary apparatus. The power of 
the furnace is diminished considerably, 
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however, by this arrangement, and hence the tube is occasionally 
made to take another direction, opening into the ash-pit of the 
furnace In the manner represented by the dotted line. If we 
suppose the heft to be applied te the materials employed in an 
evaporating basin placed over the furnace, and the ventilating 
tube to follow the course of the dotted line, being fitted tightly 
to the furnace door' so that the furnace is supplied with air 
solely front the surface of the basin where the noxious fumes 
may be escaping, these, accordingly, are made to pass through the 
red-hot cinders. The fumes so generally evolved during the 
action of metals on nitric acid, and in many other operations are 
thus decomposed and rendered comparatively or entirely innoxi- 
ous, even after they shall have escaped into the external air. 

484. Dr Arnott has lately shewn that three-fourths of the 
heat produced in a common tire-place are wasted or carried away 
by the chimney, and has proposed to employ an earthen-ware 
furnace inclosed in an iron box, so that a much larger portion of 
heat shall be obtained from the fuel, apertures being made in 
the iron chamber to regulate the currents of air. A great saving 
of fuel has been effected in this manner. A self-regulating ap- 
paratus is attached to the furnace bv which the admission of air 
is regulated so as to maintain it at a uniform temperature. 

485. In the arrangement adopted by Mr Adams of Falkirk 
for heating any apartment, the fuel is economized, and the ven- 
tilation effectually secured. Cold air descends by a (Fig. 136), 

and is heated by coming in contact with 
the ‘'back* of the grate in the air chamber 
b : from it a small portion is allowed to 
enter near the fire by numerous open- 
ings, and the rest passes into the apart- 
ment along the floor ; or, where this 
cannot so conveniently be done, it may 
be introduced above as at d 9 or at a little 
distance from the chimney. It is obvi- 
ous, however, that it is not necessary 
that any of the air should pass directly 
from the air-chamber to the fire-place ; 
if all of it be made to pass into the room, it must soon find its 
way into the fire-place, 'from the expansion produced there as 
the combustion proceeds. 
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Fig. 137. 



486. With a few bricks, and a few small slips of narrow hoop- 
iron, a chauffer or small furnace may be constructed in a few 
minutes, capable of giving a good red heat, where the usual 
facilities for operating are not»to be obtained, afed where a com- 
mon fire is not accessible. Suppose the bricks to be five inches 
broad and ten long, three are laid side by side as in Fig. 137, 

and three more in the same way, and opposite 
to the first, at the distance of four inches. 
The slips of iron are placed in the middle to 
support the fuel, and one or two courses of 
bricks laid above them, so as to leave an aper- 
ture five inches square. If the bricks be laid 
with mortar or clay, the current of air will be still stronger, ami 
the heat greater. By using small pieces of charcoal, the heat 
may be moderated so as to be employed with flasks and? retorts, 
as. well as crucibles. 

487. In all cases where a strong heat is required, all apertures 
leading into the chimney above the place where the fuel rests 
ought to be closed, and any 6f the apertures leading into the 
chimney from any furnace not in use must also be shut ; other- 
wise, cold air rushing in by them reduces the temperature of the 
warm ascending current, and consequently reduces also the 
temperature in those furnaces in use, by preventing so rapid a 
consumption of the fuel. 

488. Where many furnaces plav into one chimney, if it be 
not sufficiently large and powerful, only part of them ought to 
be used at the same time, the apertures that connect the rest 
with it being closed. 

489. If the smoke from a common fire be not carried up the 
chimney, and if there be sufficient air allowed to 6nter by the 
doors or windows, then, * by closing the aperture between the top 
of the fire and the chimney, so that no air can have access to it 


except through the fuel, the smoke may in general be prevented 
from returning. 

490. All furnaces where a steady and regulated temperature 
is required, must be provided with ash-pit doors, by which a 
fixed and steady supply of air can be admitted, and regulated so 
as to produce a powerful or moderate heat. By cutting off al- 
together the supply of air, the fuel may be kept unconsumed for 
any length of time. 
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r Sect*. TIL — IIydruret of Carbon, or Olefiant Gas. 

# 

t 

St/mb. HC. Eq. by W. 7.12 {Carbon 6.12 + 1 Hydrogen), by volume, 
a (half a measure ) t Sp. gr. .982 ; W. of 100 c. 1. 30.il gr* 

t 

‘491. This gas is ifiost easily prepare*) by mixing one part of 
alcohol with three times its bulk of* strong sulphuric acid in a 
glass-retort, ajul exposing the mixture to a gentle heat. The 
retort should not be filled more than 9 , third full, and when only 
a small quantity of the gas is re^uirecl, half an ounce of alcohol 
with the proper quantity of sulphuric acid will be found quite suf- 
ficient. The alcohol and the acifi must be shaken together be- 
fore the. heat is applied. A little ether is formed at first, and 
towards the end of the process, sulphurous acid, carbonic oxijjje, 
and the bihydruret of carbon (another compound of carbon and 
hydrogen) are disengaged ; the mixture also becomes quite 
black from the deposition of carbon, and is very apt to boil 
over. • 

492. To understand the nature of the changes that take 
place in this process, it must be recollected that every 23.24 
parts, or one eq. of alcofiol, is composed of 3 parts of hydrogen 
(three eqs.), 12.24 of carbon (two eqs.), and 8 of oxygen (one 
eq.) ; so that it may be regarded as a compound of one equivalent 
of water and two of olefiant gas, for the different elements are 
present exactly in the proportions? necessary to form these com- 
pounds. The water then may be said to combine with the sul- 
phuric acid, while the olefiant gas is disengaged ; the new ar- 
rangement which the elements of the alcohol assume is repre- 
sented in the following diagram. . 

Fig. 138. 

* Before Decomposition. After Decomposition. 

Hyd. 1 -^7- 1 2 Olefiant Gas. 

Hyd. 1 1 2 Olefiant Gas. 

Alcohol 23.24 c/rblo.l 

Carb. 6.12 ^^n. 

N Oxyg. ft—— ■ Water. 

Symb. OCMI3-2HC&-H. 

• 

* The equivalent of this gas is doubled in many works, being thus regarded 
as a compound of two eqs. of hydrogen and two of carbon. * 
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493. At the commencement of the process, a portion of olefi- 
ant gas uniting with some alcohol not decomposed, forms a little 
ether, the odour of which is then always perceptible. The bhrtk 
colour which the liquid assumes afterwards, and the formation 
of bihydruret of carbon, arise from the elements of the alcohol 
not previously decomposed, arranging themselves in a different 
manner, which will be readily understood from the annexed dia- 
gram : — 


Fig. 139. 

Before Decomposition. • After Decomposition . 


Alcohol 23.24 


i Hyd. 1 — -™8. 1 2 Bihydruret of Carbon. 

11yd. 'X? 1 ' 

/Hyd. 1 / 

\Carb. 6.12P*\ 

| Curb. 6.12 6.12 Carbon precipitated. 

^Oxyg. 8 Water. 

Syinb 0(> 113 * H* C & C & H. ) 


% 

But no sooner is the carbon precipitated than it begins to re- ' 
act upon the sulphuric acid, taking one equivalent of oxygen 
from it and being converted irto carbonic oxide, while the sul- 
phuric acid becomes sulphurous acid in Consequence of losing 
this proportion of oxygen. A small quantity of carbonic acid is 
also formed towards the end of thq, process. The proportion of 
these gases that is disengaged in the succeeding stages of the 
process becomes greater and greater as it proceeds ; the sulphu- 
rous and carbonic acids may be removed by a solution of caustic 
potassa. 

494. A large quantity of this gas, mixed with other inflam- 
mable compounds of carbon and hydrogen, may be procurer} by 
exposing oil and resinous or fatty substances to a red heat in 
close vessels. It is in this manner that oil-gas is prepared on the 
largo scale, which owes jts great illuminating power principally 
to the olefiant gas which it contains. The process may be imi- 
tated on the small scale in the apparatus described in 58, page 
20, using oil instead of water, and putting in iron shavings or 
fragments of earthen ware, merely to extend the surface. The 
tube must be brought to a good red heat before the oil is allowed 
to drop into it. All these inflammable substances are composed 
almost entirely of carbon and hydrogen, and by exposure to a 
high temperature their elements arrange themselves feo as to 
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form a large quantity of gaseous matter, while a considerable 
portion of carbon is deposited. 

*195. An inflammable gas may be obtained from alcohol in 
the same way, but it does not burn with such a rich flame, and 
contains carbonic oxide and biliydruret of carbon along with 
olefiant gas. Instead of having the apparatus constructed in 
the manner represented in 58, it is sometimes more convenient 
to have it made of cast iron iu the form shewn in figure 33, 
page 20. Its construction and the manner of using it will be 
readily understood from the figure and what has been stated in 
58-9. It may be heated by placing it in a large chauffer with 
a piece cut out at the side, or ill a furnace. 

496. An inflammable gas from coal, containing a considerable 
quantity of olefiant gas, may be easily obtained in small quantity 
by heating some pieces of coal in an iron bottle placed in the 
fire, a quantity of tar, water, and carbonate of ammonia beiiyr at 
*the same time distilled over. The process is an offensive one, 
and in town it will be better to procure a quantity for experi- 
ment by attaching an empty bladder, or the stopcock b of the 
gasometer represented in Fig. 15, page 9, to the extremity of a 
tube supplying gas to a burner from the coal gas-works, by corks 
with holes pierced in them a. id flexible tubes. The plug at e is 
taken out that the water may escape as the gas enters, and great 
care taken not to allow any air to mix with it. A piece of 
sponge put into the plug hole prevents the water from coming 
out too rapidly ; the stopcock that admits the gas to the gaso- 
meter shoul^l be opened wide, but not till the sponge has been 
put« in. The gas that is disengaged from coal by heat does not 
consist solely of compounds of carbon and hydrogen, but con- 
tains also carbonic oxijle, carbonic acid, nitrogen and hydrosul- 
phuric aci<i ; the proportion of these i*s small, though sufficient 
to render the gas less luminous during its combustion, and im- 
part other sensible properties to it? The ammonia is produced 
by the combination, of part of the nitrogen and hydrogen of the 
coal when it is decomposed ; and part of the carbonic acid unites 
with it, and converts it into the carbonate of ammonia. The 
gas prepared from coal at the different gas establishments is 
purified by being passed through lime and water. 

497- Olefiant gas bums „with a rich yellowish- white flame 
when inflamed in contact with the air, and consumes a large 
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quantity of oxygen, requiring three times its bulk of this gas for 
its complete combustion. W ith pure oxygen it detonates violent- 
ly when the gases are mixed in the above proportion* ; an ex- 
cess of oxygen insures the perfect combustion of all the oldfiant 
gas used, but no oxygen is consumed above the proportion men- 
tioned ; a strong detonating bottle must be used in performing 
this experiment, and it should be wrapped* round with a towel, 
in case of accident. The products of its combustion are water 
and carbonic acid. In the following diagram the theory of the 
action is represented, and the quantities of the resulting pro- 
ducts : — 


Before Decomposition 9 . 


• Klg. 140. 


7.12 Olefiant Gas = 
24 Oxygen = 


JCarb. 6.12, 

l Hyd. . . . 

j Oxyg. . 8- >^ 

-{ Oxyg. . 8. 

( Oxyg. . 8 N ‘J Water 

HC&0 3 =H&:C. 


After Decomposition . 

-,,22 12 Carbonic Acid. 


As the watery vapour is immediately condensed at natural 
temperatures, one measure of carbonic add is the only gaseous 
product that results from the detonation of the half measure of 
olefiant gas. 1 

498. Water absorbs about an eighth of its volume of olefiant 
gas, but does not acquire any particular properties. By passing 
electric sparks through this gas, or transmitting it through a red- 
hot porcelain tube (202) it is decomposed, the hydrogen resum- 
ing its original volume, while the charcoal is deposited. It can 
combine with chlorine, iodine, and bromine. Some dther experi- 
ments, which may be performed easily with olefiant gas, wilf be 
described under chlorine. 


Sect. IV. — Bihydruret of Carbon, or Light Carbureted 

HYbROGEN. 

Symb. H*C. Eq . by W. 8.12 (Carbon 6.12 + 2 Hydrogevt) ; by vo- 
lume □. Specific ,gravity 0.559. Weight of 100 cubic inches 
17.363 grains . 

499. This gas is also known by the .name of Fire Damp (be- 
ing the inflammable air that produces the explosions that occur 
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in-coal mines). Subcarbureted Hydrogen , and a variety of other 
appellations. It is procured most easily by stirring the mud at 
the bottQin of stagnant pools, and collecting the gas which is 
disengaged in glass vessels inverted over it and full of water, a 
large quantity being formed there by the decomposition of dead 
vegetable matter. No process has been pointed out by which 
it may be obtained rnth facility in a pure state. It is almost 
always mixed with a small quantity of carbonic acid when ob- 
tained in the manner we have described, and also when pro- 
cured from a coal-mine ; by agitating it with lime-water or a 
solution of potassa, the acid gas is removed. 

Small quantities are formed in a great number of processes, 
as in some of those for the preparation of olefiant gas, and most 
vegetable substances affoijd a considerable quantity when they 
are exposed to lie? t in close vessels 

500. ° The bihydruret of carbon has noither taste nor smell 
when pure, cannot support combustion or respiration, and is ab- 
sorbed very sparingly by water. It burns with a yellow flame, 
and consumes twice its volume o$ oxygen during its combustion, 
the two equivalents of hydrogen which it contains in a condensed 
state combining with two equivalents of oxygen and forming 
two of water, while the carbon unites with as much more, and 
is converted into carbonic acid. When mixed in the proper 
proportion with oxygen in a strong bottle and fired with a match, 
it detonates with a loud explosion. It also detonates with at- 
mospheric air. 

501. Purified coal-gas may be obtained in the manner directed 
in 496 front a gas-burner supplied by the gas-works, for per- 
forming several experiments illustrating the nature of Sir H. 
Davy’s safqfy-lamp, as a sufficient quantity of the pure bihydruret 
of carbon cannot be so easily procured. 'File coal-gas consists 
principally of olefiant gas and the bihydruret of carbon. 

. 502. Mix the gas with various proportions of atmospheric air 
in a strong jar or detonating bottle. The pure bihydruret does 
not detonate unless mixed with more than four times its volume 
of atmospheric air f and the explosion is feeble till seven or eight 
times its bulk is added. With more than fourteen tunes its vo- 
lume of air it does not form an explosive mixture, a candle 
merely burning in it with an enlarged flame. The proportion 
of air necessary for performing the same experiments with the 
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coal-gas will require to be greater, as, from the olefiant gas which 
it contains, more oxygen is required for its combustion. 

503. Mix it in the same manner with different prpportioris 

of pure oxygen ; the detonation takes place violently with* two 
or three times its bulk of this gas. The products of the com- 
bustion are water and carbonic acid. A very strong jar or de- 
tonating bottle must be used, and three o'l four cubic inches of 
gas will be quite sufficient for each experiment when oxygen is 
used. 3 , 

504. Introduce the safety-lamp wheh burning into mixtures 

of air and coal-gas in various proportions ; the mixture passes 
through the meshes of the wirtvgauze and burns within it, the 
flame extending and strikiiig against the top of the gauze, when 
it is again reflected downwards, but never inflaming the inflam- 
mable mixture without the cage. * e 

505. Connect a flexible tube with the gasometer, F & 141 - 
and direct a large stream of the gas upon the lamp 
held in the open air, after it has been lighted and 
properly adjusted. By varying the distance at which 
the lamp is held from the gas, it will either burn 
with a larger flame, or be completely extinguished, 
when the quantity of gas which falls upon it is so 
great as to prevent the admission of atmospheric air; 
the inflammable atmosphere aitaind, however, is 
never inflamed. 

506. The construction of the safety-lamp is re- 
presented in the annexed figure (14|). A wire re- 
curved at the top passes through the cistern con- 
taining the oil and without the lamp ; it is called 
the safety-trimmer, as with it the wick of the lamp 
may be trimmed without taking off the gauze. The 
wire-gauze is fixed to a brass rim, which is made to 
screw upon the cistern containing the oil. It ad- 
mits the air to support the combustion through its 
apertures, and has a double top, one being placed 
at some distance from the other as an additional 
security. 

507. The cause why the safety-lamp does not in- 
flame an inflammable mixture without ? the gauze, 
though it can enter freely and burn within, has 
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been satisfactorily explained. A very great heat is required 
to inflame most bodies in the gaseous state, and when they be- 
come lujninous so as to constitute flame, their temperature is 
above the white heat of solid bodies. But when any gaseous 
matter in the state of flame passes through the minute apertures 
of the wire-gauze, its temperatiu’e is so much reduced that it 
ceases to be luminous, and is incapable of inflaming any explo- 
sive mixture that may be without. The metal of which it is 
composed, being a good conductor of caloric, gives it off quickly 
to the external air when heated, so that it is always sufficiently 
cool to reduce the temperature of any gas that may be burning 
within the gauze as it passes through ; nor does it ever become 
so hot as to be able to inflame an explosive mixture itself, unless 
it be kept for some time in it, or exposed to it when the explosive 
mixture passes, across it in a rapid current. In such cases the 
lamp ought to be extinguished. It has been proposed, as an 
additional security, to cover it with a glass, the air being Sup- 
plied from an aperture below protected by wire-gauze. 

Coal and oil gases consisting nrincipally of the hydruret and 
bihvdruret of carbon,* the following illustrations (from my Rudi- 
ments of Chemistry) should be carefully studied by the beginner. 

508. Biliydnlret of carbop acts with four equivalents of air, 
producing one of carbonic acid and two of water, eight of nitrogen 
being detached. Symb. H*C & 4-N* = :C & 2*H and 8N. 

509. The flame of a common lamp or candle is pro- Flg * l42 * 

duced by the gas formed around the wick acting upon j\ 
the oxygen of the air ; the flame is solely at the exte-*' j \ 
rior portion of the ascending gas. In Fig. 142, a a de- |Lj| 
notes the part in a state of combustion. All without is 
merely heated air, or the products of the combustion ; and ^ ^ 

all within is unconsumed gas, rising in its turn to affect 

the oxygen of the air. 

510. If a glass-tube be introduced within the flame of a large 
lamp or candle, in the manner represented in Fig. 143, part of 
the unconsumed gas passes through it, and may be kindled as it 
escapes. With a tube l-4th of an inch in diameter, and a foot 
long, this is very easily shewn ; the wider the tube the better, if 
the flame be sufficiently large. 

Fig. 144 shews a seotion across the flame, with the position 
of the tube. 
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Fig. 143. 



511. The nature of Game is beautifully illustrated bv bolding* 
over the flame of a candle, dr of a large stream of gas, a piece 
of wire-gauze six or eight inches* square with about 700 meshes 
in the square inch. The flame is intercepted, «and continues 
only below the gauze, a tube of flame appearing, expanded as it 
reacifOs the gauze. The unconsumcd gas rises through the 
gauze, and if a lighted match be applied, it burns on the upper 
side; the appearance is then presented as seen in Fig. 145. 
When this experiment is* performed with A>al-ga.s issuing from 
the extremity of a tube, and producing a flame, which does bet- 
ter for illustration if made considerably larger thin the flame of 
a common candle, the flame may be blowti out below the gauze, 
and left in full combustion above *it. On kindling the gas again 
below the gauze, the flame may then be blown out above it, 
without extinguishing that below. 

5 12. •The intensity of light produced during the combustion 
of any gaseous matter, depends much upon the manner in which 
the gas is consumed. To produce a highly luminous flame, at- 
tention should be paid to the following circumstances ^ — 

I. The combustion must be made to "take place in such a 
manner, that an "intense heat is produced. # 

II. The gas, as yet un consumed, is decomposed by the heat, 
and much solid charcoal is separated and suspended in 
the flame for an instant. 

III. This charcoal must be intensely heated, so as to be con- 

sumed'. Any un consumed charcoal gives a yellowish 
tinge to the flame, and, if in large quantity, is deposited 
ultimately in the form of soot. 0 

IV. The lessthe heat produced ini Aiming gas, thelessthe char- 

coal separated, and the more imperfect its combustion. 

L 
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513. In an argand burner, Fig. 146, the intensity of the heat 
is augmented by causing ajr to enter in the middle of a circular 
wick of* series of gas jets, so that more gas is consumed within 
a given space than in the ordinary manner. Thus in Fig. 147, 
a section of the argand burner. Fig. 146, it will be seen that the 
surfaces of the burning gas a a, aa> are very near, so that the in- 
terposed gas is heated much more than when these surfaces aa 
are distant, Figs. 1.42 and 148. Much carbon therefore is pre- 
cipitated, and becomes Intensely luminous before it is consumed. 

, Fig. 148. 



514. If the aperture by which air is admitted into the interior 
of the flame be closed by a piece of paper, the flame represented 
in Fig. 146 immediately assumes the form shewn in Fig. 148 ; 
part of the supply of air*bein£ Fig. 149. Fignco. 


out off, it extends farther into the 
air before it meets with the oxy- 
gen necessary for combustion. 
The hea£ is accordingly diffused 
over a larger surface, and be- 
comes less* intense ; a and a are* 
more diStant from each other ; 
a smaller quantity of carbon is 
deposited, less gas being decom- 
posed, and even that which is 
separated being less intensely 
heated, much of it isunCbnspmed, 
and produces a dingy and imper- 
fect name. 
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515. The most perfect form of burner is seen in the flat gas 
jet, Fig. 149, where two opposing currents of gas meeting each 
other, flash into an extremely thin sheet of gas, which # extends 
in an opposite direction to the currents which produce it. fig. 
150 is a section of the same jet, the side of the flame being 
turned towards the eye. Here, the gas on one side being so 
extremely near that on the other, all the conditions are fulfilled 
which are necessary for intense heat and ligfit. Fig* w* 

.516. For some purposes where gas # is used, it escapes 
with too much force to be employed conveniently.; as in 
experiments with the blowpipe. By placing over it a 
a small brass tube, Fig. 151, cohered with wire-gauze, a 
better flame for this purpose is procured. 

517. If air be mixed with gas before it is inflamed, as by al- 
fir. ms. lowing it to rise in a tin chimney, to Vhich the air has 
free access on every side, wire-gauze being placed over 
the top of the chimney, a flame is produced which is not 
more luminous than that of a spirit of wine lamp, and 
produces no smoke. Figf 152 illustrates the arrangement 
adopted. It is easy in this way to procure a flame from 
an inch to a foot in diameter. Burners of this kind have 
been much used of late for tl*3 steady application of heat, 
both for domestic purposes and in the laboratory of the chemist. 




Sect. V. — Bjsulphuret of Carbon. 

Symb. S 2 C. Eq . 38.32 (Sulphur 32.2 4* 6*12 Carbon) ; Sp . *gr. 
1.272. It boils at 110°. 

518. To prepare this substance, a porcelain tube (pn inch or 
more in diameter) is coated with clay and wrapped round with 
iron wire. It is then filled with fragments of charcoal, taking 
care to leave room for the passage of vapour,* and made to tra- 
verse a furnace in the manner represented in figure 153, A 
retort filled about a third full of sulphur is then fitted to one 
end of the tube, supporting it by a retort-stand, and using a 
mixture of clay and sand to make the joining air-tight. A 
bent glass-tube about half an inch or rftther less in diameter is 
attached in the same manner to the other extremity^of the 
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porcelain tube, and con- fi*. i.w. 

nected with. a glass 
gknbc terminating in a 
small tube placed in a 
receiver half full of 
water, which must be 
kept cold. 1 

519. When every 

thing has been properly 
adjusted, tire is put into 
the furnace, and the 
tube with the charcoal 
brought gradually to a 
strong red heat. Ther sulphbr in the retort is then made 
to pass over rt ii\ vapour ; they combine 1 , and the hisulphurcl 
which is formed condenses in drops that fall to the bottom of 
the water in the receiver. The use of the globe is to prevent 
any water passing back to the porcelain tube, air passing through 
the water, after it has been forced into the globe by the pressure 
of the atmosphere when the* chauffer is removed from the re- 
tort. The charcoal employed should be well prepared, and not 
mixed with any undecomposed woody fibre. 

520. Another process ‘consists in distilling it from a mixture 
of five parts of the bisulphuret of iron and one of charcoal, a 
strong heat being applied to the mixture. 

521. The bisulphuret of carbon is never obtained perfectly 
pure at fin£, but may be easily Rectified by a second distillation, 
putting in a little chloride of calcium to retain any water that 
may be mixed with it. The temperature to which it is exposed 
must not Exceed 11 Q°. It is then procured in the form of a 
limpid anjl colourless liquid, remarkably transparent, having a 
very offensive and fetid smell, and an acrid pungent taste. 

522. Bisulphuret of carbon is v(*ry volatile, evaporating rapidly 
at natural temperatures, and producing a great degree of eold. 
It is highly inflammable, and burns with a bluish flame. With 
oxygen gas, its vapour detonates violently, and with oxide of ni 
trogen it burns vefy rapidly, but does not detonate, producing a 
very brilliant and dazzling light. These experiments are made 
most easily by filling a detonating bottle full of oxygen gas or oxide 1 
of nitrogen gas, putting in a few drops of the bisulphuret, and 
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shaking the bottle (after corking it tightly) till the bisulphuret 
is volatilized ; the mixture is then inflamed in the usual manner. 

523. Alcohol and ether combine with this substance, and it 
dissolves sulphur, phosphorus, and iodine ; chlorine, however, 
decomposes it It combines with the alkalis, forming compounds 
which have been termed carbo-sulphurets ; and when agitated 
with an alcoholic solution of potassa, a nc*v acid is produced, 
called the Mydroxanthic Acid, from Xanthftgen (derived from 
gavfof, yelloic), the name ‘given to its base, as it forms yellow 
coloured compounds with several metals. 


CHAP. VIII — BOJtON. 

# 

Symb. H. Eq. by f\ T . 11 ' , 

5*4. Sir H. Davy, who discovered Boron, prepared it by 
submitting boracie acid, a compound of boron and oxygen, to 
the action of a galvanic battery. Gay Lussac and Thenard 
procured it in greater quantity by exposing boraeic acid to a red 
beat in a copper tube with its own weight of potassium, the 
latter attracting oxygen from it and forming potassa, which is 
easily removed by washing with water ; the boron remains in the 
solid form and of a dark olive colour. The boracic acid ought 
previously to be deprived of water as completely as possible by 
protracted fusion in a platinum crucible, but as it still retains 
some, # a detonation takes place .at the instant of reduction, from 
the potassium reacting at the same time on the water combined 
with the acid and disengaging hydrogen gas. To avoid tliis, 
Berzelius recommends the dry borofluate of potassa to be used 
instead of boraeic acid ; it is prepared by adding a solution of the 
hydroftuatc of potassa to h solution of borate of potassa, and heat- 
ing the gelatinous precipitate # that is thrown down till it assumes 
the form of a fine white powder. The theory of the action is 
the same as in the preceding process, the pdtassium taking the 
oxygen from the boracie acid in the compound salt. 

525. Boron has no taste nor smell, is insoluble in water and 
in alcohol, and undergoes no change when exposed to the air at 
ordinary temperatures, but inflames suddenly when heated to 
000°, being converted into boracic •acid by combining with the 
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oxygen of the air. In oxygen gas it burns more brilliantly, and 
attracts oxygen from a number of substances that afford this 
element r readily, as the sulphuric and nitric acids, the nitrate and 
chlorate of potassa. 


Boracic Acid. 

•r 

Si/mb. O s B, or : B ; Eq. 35 ( Oxygen 24 + 11 Boron ). Eq . of cry- 
stallized boracic acid \ 62 ( dry acid 35 + 27 water) ; specific 
gravity, 1.479. It is soluble t in wetter and in alcohol. 

« 

526. To prepare boracic acid, dissolve an ounce or two of 
crystallized borax (a compound of water, boracic acid, and soda) 
in foul* times its weight of boiling water, add sulphuric acid 
previously diluted with four or five parts of water till the Solu- 
tion becomes sensibly acid (using a test paper to ascertain when 
this is the case), and then set it^ aside to crystallize. The sul- 
phuric acid combiner with the soda, forming sulphate of soda 
which remains in solution, and crystals of boracic acid are de- 
posited which are purified by placing them on a paper filter, 
and washing them with cold water to remove any sulphate of 
soda that may be mixed with them. A minute portion of sul- 
phuric acid is apt to adhere to them still, which can be removed 
only by repeated solution and crystallization, or by fusion in a 
platinum crucible ; in all ordinary experiments its presence is of 
no consequence. 

527. Boracic acid crystallizes in thin scales which have a 
shining appearance. Its taste is s$ur and hitter ; it reddens the 
vegetable Dlues, but produces* the same effect on turmeric paper 
as the alkalis, rendering it brown ^ as Dr Faraday pointed out. 
Crystallized boracic acid loses it^ water of crystallization when 
exposed to a heat slowly increased, and the dry acid which re- 
mains is fused and forms a transparent and colourless glass on 
cooling. When a solution of boracic acid in water is boiled, or 
the crystallized boracic acid exposed suddenly to a high tem- 
perature, a considerable portion of it is carried along with the 
vapour of the water ; but the dry acid may be exposed to a white 
heat without being volatilized. From the facility with which it 
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is fused, and the power which it has of communicating this pro- 
perty to its compounds, it is much employed, both in its pure state 
and in combination with soda, as a flux. 


CHAP. IX. — CHLORINE. 

• 

Symb. Cl. Eq. by W. 35.5; by volume □. Specific gravity 2.444. 

„ Weight of 100 cubic iitchesk 75.8 grains. It is liquefied by a 
pressure of about four atmospheres , and ulso by the cold produced 
by the evaporation • of sulphurous acid , forming ct transparent 
yellou'-coloured fluid. 100 c. i. gf water absorb 150 c. i. 

528. This elementary substance was discovered by Scheele, 

and received afterwards the name of (5xygenijed Muriatic acid 
or Oxymuriatie acid, from the opinion which was then prevalent 
that 4t is a compound of muriatic acid and oxygen. Till the re- 
searches of Sir H. Davy drew the attention of the philosophical 
world to this subject, it was indeed considered as demonstrated 
that this is the case ; Gay Lussau and Ther*ird pointed out about 
the same time that it may be regarded either as a simple sub- 
stance or as a compound of muriatic acid and oxygen ; and though 
the views of Sir H Davy, who has certainly the merit of placing 
the question on a proper footing, have now been generally 
adopted, it is not a little singular that there is no fact connected 
with the chemical history of this substance which is not explica- 
ble according to either opinion* and in some cases the balance 
of evidence appears even to be in favour of the old^view of its 
constitution. * 

529. The best method of preparing chlorine consists in mix- 
ing one part of the binoxide of manganese with five times its 
weight of aqueous hydrochloric acid (specific gravity *1.18) in a 
glass retort, collecting the gas jn wide-mouthed bottles placed on 
the shelf of the pneumatic trough, and conducting the process 
with all the precautions described in 4 and 14. If the aqueous 
hydrochloric acid employed should not be of this specific gravity, 
its strength must be ascertained, and a corresponding quantity 
used. The manganese should be reduced previously to a fine 
powder, and .the water in the trough and in the bottles heated 
to the temperature of 90°, to prcv<?nt it from absorbing a large 
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quantity of the chlorine. The retort should not he filled more 
than half full ; the gas begins to be evolved whenever the ma- 
terials are mixed, and, on applying a gentle heat by a lamp or 
chauffer, it is disengaged more rapidly. Each bottle should 
have its stopple introduced undfrr water whenever it is full, first 
drawing the finger round the edge with a little gas lute, that it 
may be easily taken out afterwards. Common pneumatic jars 
.may be employed to collect the gas when it is to be used imme- 
diately, but it must be recollected that it will be all absorbed if 
it be left for a long tiim* over water. 

530. In this process, one equivalent of chlorine is obtained 
from two of hydrochloric acid {pul ofte of binoxide of manga neso, 
the materials reacting on one another in these proportions. 
Hydrochloric acid is composed of one equivalent of hydrogen 
and one of chlorine, amf the binoxide of manganese may be re- 
garded as a compound of one equivalent of the oxide of man- 
ganese and one of oxygen. During the reaction which stakes 
place, the oxide of manganese combine* with one equivalent 
of hydrochloric* acid, forming hvdrochlorate of manganese, the 
excess of oxygen at ^ie same time combining with the hydrogen 
of the other equivalent of hydrochloric acid, while the chlorine 
is disengaged ; the annexed diagram gives a more precise view 
of the combinations aiyi decompositions which take place. 


Fi*. 154. 
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531. -\s the common aqueous hydrochloric acid contains more 
than half its weight of water, even in its most concentrated 
state, and as part of it escapes decomposition, it is necessary to 
make allowance for these circujnstances, and hence the large 
quantity which is directed to be mixed with the manganese in 
the preceding paragraph. 500 grains of the binoxide of man- 
ganese with the proper quantity of acid will give a sufficient 
quantity of chlorine for the greater number of the experiments 
usually performed witlT this substance, receiving it in wide- 



CHLORINE. 


life) 


mouthed bottles capable of containing from 6 to 10 or 12 ounces 
of water. 

532. Another process for preparing chlorine consists in fix- 
ing 13.7 parts of the binoxidf of manganese intimately with 59 
of chloride of sodium (dried common salt, a compound of chlo- 
rine and sodium) in a mortal', and pouring on the mixture 98.2 
parts of sulphuric acid previously diluted Vith half its weight of 
water and allowed to cool. 'Jhree or four fiundred grains of salt 
will be a sufficient quantity on the small scale, using a propor- 
tional quantity of the other materials, and placing them in a 
retort or flask with a bent tube adapted to it; the apparatus 
used for the preparation of hydrogen gas (Fig. 20, page 17), 
docs very well when a larger quantity is employed, supporting 
it on a retort-stand that heat # may bv easily applied. The sul- 
phuric acid is diluted to prevent the copious disengagement of 
hydrochloric acid fumes which always takes place when strong 
smfdiuric acid is poured upon chloride of sodium. All the other* 
circumstances- pointed out in 529 must be carefully attended to. 

533. It will be observed, that the materials are directed to 
be taken in the proportion of two equivalents of sulphuric acid 
to one of the binoxide of manganese and one of the chloride of 
sodium. One equivalent of the a*ud, reacting* on the binoxide 
of manganese, forms sulphate of the o&ide, and disengages one 
equivalent of oxygen, (sec 27, page 11); this combines with 
the sodium of the chloride, forming soda, which immediately 
unites with the other equivalent of sulphuric acid, producing 
sulpltate of soda, while the cMorin# is disengaged. In the fol- 
lowing diagram representing the decomposition, the quantity of 
sulphuric acid is stated without the water that is usually com- 
bined with it, as it is not decomposed in the presenfrjnstance. 


litfore decomposition. 


Fig. 155. 


After decomposition. 


50 Chloride of J Chlorine 35.5 35.5 Chlorine. 

Sodium. {Sodium 23.5 V 

i Oxygen * 8*, 

{ Oxide Mang. 35. 7«, 

40.1 Sulphuric Acid. 40. 1 . ^ Sulpli. of Soda. 

40.1 Sulphuric Acid 40.1 ——^75.8 Sulpli. of Mang. 


43.7 Hinox. Mang. 




534. The evolution of the chlorine may he explained also on 
the supposition that sulphate of so*la is formed at first, as well 
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as sulphate of manganese, the chloride of sodium decomposing 
ail equivalent of water, and becoming hydrochlorate of soda, 
froqj which the hydrochloric acid escapes as the sulphuric acid 
combines with the soda ; while the oxygen disengaged from the 
manganese withdraws hydrogen from the hydrochloric acid at 
the same moment, and eliminates the chlorine. 

535. Chlorine gas 'nas a greenish-yellow colour, a pungent 
suffocating odour, eVen when diluted with a Targe quantity of 
air, and a disagreeable astringent metallic taste. In operating 
with it, care must be taken not to allow any to mix with the 
air, as it has often produced a degree of irritation in the lungs 
and an anxiety and difficulty of breathing with a total inability 
of taking a full inspiration, which have' lasted for days, even when 
a single inspiration has l)Q£n made, and though mixed with se- 
veral times its hldk? of air. In larger quantities, it produces a 
sense of strangulation with a discharge from the nostrils : and in 
•manufactories where considerable quantities are prepared, scAne 
of the workmen have occasionally fallen down quite senseless in 
an instant, when they have been exposed accidentally to a cur- 
rent of the gas. In thGse cases they are removed immediately 
to the open air, and generally recover very quickly on dashing 
cold water upon hem. It appears, too, that some of those who 
have been affected in this manner never experienced any of the 
bad effects that accompany the inspiration of the gas when di- 
luted with air, probably from the great irritation it occasions 
in a pure state causing a complete spasm of the glottis, and pre- 
venting any of it from passing into the lungs ; the individual, 
therefore, suffers from the temporary suspension of respiration 
alone. Where the gas has passed into the lungs, it has been 
recommended to take a drink composed of the water of ammo- 
nia diluted with a very larg6 quantity of water, to respire a 
little ammoniacal gas by keeping the mouth over some ammo- 
nia diluted with a less quantity of ewater, and to inhale the va- 
pour of ether ; if nothing else can he procured at the moment, 
considerable relief may be obtained by holding the head over a 
large jar half full of hot water, and breathing into it. 

536. Water absorbs one and a half times its volume of chlo- 
rine gas at the temperature of 68°, according to Thenard. The 
solution is called in common language Liquid or Aqueous Chlo- 
rine, or Chlorine Water. It* has the colour, taste, and smell of 
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chlorine ; it is stimulant and antiseptic ; and gives chlorine gas 
when exposed to heat. This solution is most easily prepared 
in the manner directed for obtaining carbonic acid •water, in 
44(1 ; or the gas may be transmitted through water placed in 
thethird bottle of Woulfe’s apparatus (Fig. 101, page 90), a small 
quantity of water being placed in the first and second to retain 
any hydrochloric ^icid that may be disengaged along with it. 

537. Expose a portion of this liquid to the temperature of 
32 J by placing it in iee-eoM water, or surrounding it with a 
freezing mixture ; it soon begins to congeal, and affords a solid 
mass of a yellow colour, composed of chlorine and water. 
Crystals of a definite compound of these substances are easily 
obtained free from any excess of water by dropping a small quan- 
tity of water into a bottle fillcfd with*chlorine gas, and placing 
it in a, freezing mixture, or in the dark at a temperature below 
32° for a few days. « They form dendritical crystals on the side 
of flio bottle. 

538. Aqueous chlorine has no acid properties, but when 

exposed to the light, part of* the water is slowly decomposed, 
one portion of the chlorine combining v&th the hydrogen and 
forming hydrochloric acid, while the other combines with the 
oxygen ; it ought therefore to be tept in opaque bottles. From 
the great attraction that subsists betweeti chlorine and hydrogen, 
aqueous chlorine communicates* oxygen to a number of metals 
and other substances which have an affinity for this element, the 
chlorine uniting with the hydrogen of a portion of water which 
is decomposed, and liberating oxygen. . 

539. Chlorine is particularly distinguished by its power of 
destroying all vegetable and animal colouring matters, and de- 
composing effiuvia produced by contagious disease^ or arising 
from vegetable or animal matter *n a state of putrefaction. It 
is accordingly employed extensively for bleaching and fumi- 
gation, and is used for these purposes either in the gaseous 
state, or in combination with lime or an alk%li and dissolved in 
water. Aqueous chlorine is ^ilso frequently employed on the 
small scale, and sl number of experiments may be made with 
the liquid directed to be prepared in 536, by pouring it into 
solutions of vegetable colouring matter, as litmus, ^turmeric, 
indigo, and into others in a state of putrefaction, when their 
colour or odour will be completely destroyed, if it be added in 
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sufficient quantity. The method of making chloride of lime and 
Labarraquo’s disinfecting soda li<juor will he described under 
their^ respective bases. 

540. Suspend some coloured flowers in a bottle of chlorine gas, 
after putting in a few drops of water : in a short time in general 
they will become of a jiure white colour; but some are much more 
speedily deprived of ^colour than others. ^ 

541. When chlorine gas is perfectly dry, vegetable colouring 

matter is not at. all affected by it, and from a variety of experi- 
ments made .with substances of this nature, it appears that 
chlorine acts principally by decomposing water, combining with 
its hydrogen and forming hydrf chloric acid, while the oxygen 
that is eliminated acts directly on the colouring matter and 
destroys it. • % 

542. .A number % of inflammable substances burn in chlorine 
gas, and many of them, take tire when mixed with it at natural 

' temperatures. * 

543. Light a suspended candle (Fig. 9, page 5), and put it 
into a bottle of chlorine gas. bt continues to burn, but with 
a dull red flame, and a large quantity of carbon is deposited. 
The combustion is sustained by the chlorine combining with 
the hydrogen of the inflammable matter, while the carbon is 
precipitated. If a camlle with a red-hot wick be introduced 
into chlorine gas, it is rekindle <f so as to burn with flame. 

544. Pour some oil of turpentine on the lower part of a 
piece of thin grey paper folded in the form of a match, allow 
any excess drop off, and 4lien *put it into a bottle of clilbrine, 
holding it with a pair of pincers. The oil of turpentine will 
immediately take fire and burn with a lurid flame, the same 
reaction tqfking place # as in the preceding instance, and with a 
similar deposition of carbon. 

545. Mix half -a measure, or one equivalent, of olefiant gas (a 
few cubic inches of the gas or a much larger quaifiity may be 
employed) with a ^vhole measure or one equivalent of chlorine 
in a glass jar, and apply a lighf to the mixture ; it will burn 
quickly with a flame similar to what is produced by the com- 
bustion of oil of turpentine in chlorine, the hydrogen combining 
with the chlorine and forming hydrochloric acid while the carbon 
is precipitated. (See Hydrocarburet of chlorine.) 

546. Introduce a piece of phosphorus well dried (363) into 
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another bottle of chlorine, using the copper-cup represented by 
Fig. 73, (page 50). It immediately takes lire and continues 
to burn for a considerable time with a pale flame, combining 
with the chlorine, and forming bichloride of phosphorus ; a 
grain or two will be quite sufficient for a small bottle of tin* 
gas. 

547. All the metals can combine with chlorine ; many of them 
take tire in this gas at patural temperatures, when introduced 
into it in a minute state of* division. f When exposed to heat, • 
the greater number of the other metals act in a similar manner 
with chlorine, with the exception of gold, silver, lead, cobalt, 

and nickel. * 

• 

548. To see the phenomena attending the combination, put 
some leaves of Dutch gold, a compound of copper and zinc, into 
the cage represented in Fig. 74, page 50, and ^introduce them 
into a bottle filled with chlorine ; they immediately inflame, and ^ 
chlorides of copper and zinc are formed. 

549. Throw some antimony or arsenic, reduced to powder in 
a mortar, into another bottle of chlorine ;.the metal immediately 
inflames and combines with the chlorihe. 

550. Put some mercury into an iron cup, fjg. 73, page 50, 
rubbed over with a little gas lut& to prevent the metals from 
combining, heat it in the flame a spirit-lamp, and place it in a 
bottle of chlorine. It takes fire, burning with a reddish- coloured 
flame, and is converted into bichloride of mercury. 

551 Chlorine can decompose many of the metallic oxides (in- 
cluding the alkalis and earths) at a* high temperature; an equi- 
valent of oxygen is disengaged for every equivalent of the oxide 
that is decomposed, one equivalent of a metallic chloride being 
at the same time formed. The njetallie oxide to be ilecomposed 
is placed in a coated porcelain tube, which is made, to traverse 
a furnace in the usual manner (Fig. 31, page 20). The chlo- 
. rine is prepared in a flask or retort ; it is better to employ a tubu- 
lated retort. It is first passed over fragments of fused.chloride 
of calcium placed in a small globe or tube attached to its beak, 
and luted with plaster of Paris to the porcelain tube ; In this 
manner it is freed from water before it comes in contact with 
the oxide. The oxygen evolved is collected in a jar over the 
pneumatic trough, to which it is cqndufcted by a bent glass-tube 
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fixed to the other extremity of the porcelain tube. The current 
of chlorine should he passed slowly but steadily over the oxide. 

§52. Chlorine is detected by a solution of the nitrate of silver, 
which gives a dense white curdy rprecipitate with it, composed 
of chlorine and metallic silver ; this precipitate is soluble in am- 
monia, but insoluble in acids, and becomes of a dark colour on 
exposure to the light. 


« Sect. I. — Hypochlorous Acid. 

c 

Symb. Cl. Eq. by W. 43.5 = 'Chlorine 35.5 + Oxygen 8. Eq. 
by volume □ (chlorine □ + a oxygen ). Gaseous when combined , 
but condensed in large quantity by zcater , which absorbs upwards 
o/*100 times its bulk of this gas. 

553. This compound is usually prepared by the action of 
chlorine on solutions of potassa or soda, or on the hydrate of 
lime. One eq. of chlorine unites with the metallic base of the 
alkali or earth, forming* a chloride, while the other combines 
with its oxygeiv and produces hypochlorous acid, which remains 
in combination with another* eq. of the alkali or earth employed. 

554. To obtain the hypochlorous acid in solution, binoxide of 
mercury in fine powder is mixed with twice its weight of dis- 
tilled water, and agitated in a bottle containing chlorine, till 
the gas is absorbed. Part of the chlorine combines with the 
oxygen, forming hypochlorous acid, which remains in solution. 
The remainder of the chlorine combines with metallic mercury, 
and forms the bichloride of mefeury, this compound reacting 
with another portion of the binoxide, and forming the oxychlo- 
ride of mercury, which is left undissolved. To procure the hy- 
pochlorous acid in the gaseous form, Balard put a portion of its 
solution, highly concentrated, into a glass tube previously filled 
with merctiry, and introduced successive fragments of dry nitrate 
of lime, which combined with the water, the acid then assuming 
the gaseous form* In this condition it is of a greenish-yellow 
colour, and resembles chlorine. It must be operated with cau- 
tiously,' as it explodes when slightly heated, 

555i The solution or aqueous hypochlorous acid is a transparent 
liquid # of a yellowish colour, and a very penetrating odour. It 
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decolorizes powerfully animal and vegetable colouring matters, 
and is considered the active ingredient in bleaching powders or 
alkaline compounds of chlorine. The strong solution tfcts power- 
fully on the skin. It is decomposed with extreme facility when 
the rays of the sun act directly upon it, and also by agitation 
with fragments of glass and other similar substances. It is also 
decomposed slowly from the reaction of its elements, especially 
when exposed to light. 

. 556. Hypochlorous acid is also particularly distinguished a# 

an oxidating agent, converting sulphur, phosphovus, iodine, and 
bromine into sulphuric, phosphoric, iodic, and bromic acids. 


Sect. II. — Chlorous Acid ; ( Qaadroxide or Peroxide of 

Chlorine ). b 

Si, mb. 0 4 C1, or •: Cl. Eq. by W. 67.5 (O 32 + 35.5 Cl.) ,* Eq . 
by volume LD ( two measures) ; Sp. gr. 2.361 ; weight of 100 
cubic inches 72 grains . * a 

557. This is another gas which must be prepared with the 

greatest caution, and only in snlall quantities at a time ; it 
will be better for the beginner to pass on to the succeeding 
experiments, and defer preparing it till he shall have become 
more familiar with chemical manipulation, if he is left entirely 
to l\is own resources in conducting the process. It has the 
same general properties as euchlorlne, but has a deeper coTour, 
explodes with much more violence, and at a lower temperature ; 
every two measures(one equivalent)expanding to three measures, 
one of which is chlorine (one equivalent), while the other two 
consist of oxygen (four equivalents). , 

558. Instead of preparing a considerable portion of gas in a 
retort, which is very dangerous, a sufficient quantity to shew 
the facility with which it majr be exploded may be obtained by 
putting a few drops of sulphuric acid on a grain or two of the 
chlorate of potassa at the bottom of a glass-tube, and holding 
it over a spirit-lamp when the deep colour of the glass indicates 
that the tube is full, or introducing a bent wire previously 
heated.’ (Faraday.) The tube I. generally employ is made of 
light green glass, very stout, about three inches long, ^nd^ half 
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an inch in diameter. No cork is put in. The tube should be 
under a shade of wire-gauze, so sis to retain all the broken 
pieces of ‘glass should it give way. A stout glove ought to 
be put on the hand in which it is held, and it should be 
placed horizontally before the flame of the lamp, and then the 
middle of the tube is to be brought at once within the flame. 
The explosion is very loud, and a flash of light is at the same 
time perceived ; the precautions mentioned must be carefully 
Attended to, as I have repeatedly seen a tube about the same 
size blown to* pieces, notwithstanding the small quantity of gas 
which it contained. 

559. To understand the theory of the process, it must be 
recollected that chloric acid is composed of five equivalents of 
oxygen and one of chlorine, so tliat it may he regarded as a 
compound of one equivalent of chlorous acid and one of oxygen. 
Four equivalents of sulphuric acid decomposing two of the 
chlorate of potassa, two of bisulphate of potassa are formed, 
and two of chloric acid are disengaged ; these react on another 
equivalent of chloric acid in combination with potassa, losing one 
equivalent of oxygen each, and being converted into chlorous 
acid, while the oxygen combines with the other equivalent of 
chloric acid and forms perchloric acid, which still remains united 
with the potassa. The following diagram gives a clearer view 
of the latter part of this complicated action. 

Fig. 156. 

Before liecotnjtosi tion. After J)econipoxitioit, 

* m.. /Chlorous A. G7.5 Chlorous Acid. 

2 Equivalents of } Chlorous A. 07-5 <57.5 Chlorous Acid. 

Clilorie Acid, i Oxygen 

\ Oxygen 

Chloric Acv), 75.5— — Perchloric Acid. 

c 

In the annexed symbols, the sulphuric acid and potassa are 
also represented. 

3 (::C1 -K) & 4 :S = :!C1 K & 2 (2 :S + K) & 2-iCl. 

560. Chlorous acid has an aromatic smell, and none of the 
peculiar odour of chlorine. It promotes oxidation in the same 
manner as the hypochlorous acid. It is not affected at common 
temperatures by any of the simple inflammables except phos- 
phorus, which inflames and decomposes it, burning brilliantly 
afterwards in the mixture of. chlorine and oxygen that remains. 

561. t It is even capable of inflaming phosphorus under water, 
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which may be easily dune by putting 30 or 40 grains of the 
chlorate of potassa into a long narrow glass, throwing in a few 
grains of phosphorus cut into thin slices, filling it with colli watrjr, 
and pouring sulphuric acid on the chlorate through a funnel 
that reaches to the bottom of the glass ; small quantities of acid 
must be added at a time. The chlorous acid is disengaged, 
inflaming the phosphorus as it rises through the water. The 
funnel must reach to the bottom of the glass, and be drawu out 
at* the blowpipe so that the acid shall qscape from it in a very 
slender stream or only by a few drops at a time ; it ought also 
to be filled with acid before it is put into the water, otherwise 
the sulphuric acid will not escape in a concentrated form. The 
offensive fumes that are evolved must be cautiously avoided ; 
for this purpose, the glass may be pu£ in a plate or basin of 
water, and a glass shade put over it ; or it may be placed 
near jmy ventilating aperture, where the fumes may be rapidly 
withdrawn. 

562. It combines with salifiable bases, producing salts, which 
are easily decomposed, passing into metallic chlorides and 
chlorates, one portion of the chlorous acid losing oxygen, which 
is transferred to another and forms the chloric acid of the 
chlorate produced. 


Euciilorine. 


563. A mixture of chlorine and clTlorous acid, formed by the 
action of aqueous hydrochloric acid on the chlorate of potassa, Ifns 
long been known by the name of Euciilorine, applied to it by 
Sir H. Davy who discovered it. This gaseous mixture possesses 
the properties of the chlorous acid, but in a comparatively feeble 
degree, the acid being diluted with a large quantity of chlorine. 
It has been termed protoxide of cMorine , a designation that must 
now be withdrawn, but as it ^frequently prepared for experi- 
mental purposes, it may still be conveniently considered under 
the title of Euchlorine. 

564 . Euchlorine is prepared by pouring twelve parts of hydro- 
chloric acid, diluted with an equal weight of water, on five parts 
of the chlorate of potassa (50 or 100 grains will be quite suffi- 
cient) ; applying a very gentle heat by a small spirit-lan^p, and 

M 
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collecting the gas that is disengaged at the mercurial trough. 
Great care ought to be taken in preparing this gas, as it explodes 
violently when exposed to a moderate heat, though no other 
gas be mixed with it ; the spirit-lamp should be held imme- 
diately below the retort, so as not to play on its sides, and the 
heat be such that the gas comes slowly away, producing a very 
^moderate effervescence. 

56 5. This gas is often collected in ^small bottles or tubes by 
displacement, in the manner described in 273, page 89. The 
deep colour of the gas indicates when the bottles in which it is 
collected are full. 

566. Euchlorine is formed iii this, process by the mutual action 
of the hydrochloric and chloric^ acids. One part of the hydro- 
chloric acid employed combines with the potassa of the chlorate 
of potassa, anti disengages chloric acid, a compound of chlorine 
and oxygen ; another portion of the hydrochloric acid (which is 
composed of chlorine and hydrogen), reacts on the chloric acid 
in its nascent state, the hydrogen taking away one eq. of its 
oxygen, while the chlorine of tfie hydrochloric acid is liberated, 
along with chlorous acid from the chloric acid. 

Syrnb. HCI& Cl = H & Cl & -SCI. 

567. The free ehlorjne that the euchlorine always contains 
is disengaged in various proportions, according to the propor- 
tions in which the hydrochloric and chloric acids react on each 
other. When a great excess of strong hydrochloric acid is 
mixed with the chlorate of potassa, the chloric acid loscs ( aM its 
oxygen, fbsd nothing but •chlorine gas is disengaged. If one 
equivalent of chloric acid and five of hydrochloric acid mutually 
decompose each other, five equivalents of water will be formed, 
and six of chlorine disengaged. 

Synth. 6 (HC1) & :iCi = 5 TI & 6 JC1. 

568. Euchlorine has a rich greenish-yellow colour ; its odour 
resembles that of burned sugar, it destroys the vegetable colours, 
and is absorbed iir considerable quantity by water, which can take 
up about ten times its volume. 

569. Introduce a red-hot iron wire bent at one end, or a 
lighted candle, into a strong tube or detonating bottle filled 
with euchlorine ; an explosion immediately takes place, and a 
flash of light is at the same time perceived. The detonation 
arises c solely from the separation of the elements of the chlorous 
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acid, in which they exist in a condensed state. If the explosion 
be caused by a combustible substance, it sometimes continues to 
burn afterwards in the mixed ^ases. 

570. Phosphorus takes fire in this gas. With hydrogen a 
detonating mixture is formed ; the mixture must be inflamed by 
an electric spark, or a lighted match ; the J products are water 
and hydrochloric acid. 9 ** 


Sect. III. — Chloric Acid. 

» 

Symb. (PCI or : : Cl. Eq, by W. 75.5 ( Oxygen 40 4- 35.5 Chlorine ). 

y 

571. This acid was at one time termed the Hyperoxymuriatic 
acid, from the opinion that it was composed of muriatic acid 
apd Oxygen, but it is now regarded as a compound of chlorine 
and this element. 

572. To prepare chloric acid., sulphuric acid diluted with ten 
or twelve times its weight of water is addbd to a weak solution 
of the chlorate of baryta, as long as it gives any precipitate, tak- 
ing care not to add an excess. Tl\p precipitate* which falls is 
sulphate of baryta, and the chloric acid remains in solution. 

573. The chlorate of baryta *is prepared by transmitting a 
current of chlorine through a solution of baryta in water, placing 
it in one of the bottles of Woulfe’s apparatus, (Fig. 101, p. 90). 
Ilydrochlorate of baryta is formed i^t the same time^ and till 
the discovery of hypoehlorous acid, it was usually considered 
that chlorates and hydrochlorates of the bases employed, were 
the sole products of the action of chlorine upon watgr and an 
alkali or earth. But it is now ascertained that hydrochlorates 
and hypochlorites are fortned in the first instance, part^of the 
chlorine taking hydrogen, and another oxygen, from the decom- 
posed water ; and that the chlorate is formed subsequently, by 
the decomposition of the hypochlorite, nine eqs. of this salt be- 
ing resolved into one eq. of chlorate of baryta, eight of chloride 
of barium, and twelve of oxygen. 

Symb. 9 (ClBa) = * ClBa & 8 (CIBa) & O 12 . 

574. The decomposition of the hypochlorite takes place prin- 
cipally when the solution is heated fo the boiling point. The 
chloridq of barium in solution may be considered synonymous 
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with the hydrochlorate of baryta, into which it passes by de- 
composing one eq. of water. 

575. The hydrochlorate of baryta is separated from the chlo- 
rate by boiling the solution with phosphate of silver, phosphate 
of baryta and chloride of silver being formed by double decom- 
position, both of v hicli are insoluble, while the chlorate of 
baryta remains in oolution. 

576. Instead of preparing chlonate bf baryta and decompos- 

ing it by sulphuric acid' to obtain chloric acid, which is not ap- 
plied to any particular use in its free state, it will be more in- 
teresting to the beginner to piypare* some chlorate of potassa, 
the most important of the salts of* this acid, by transmitting 
chlorine through a solution of c*mstie potassa in the same man- 
ner as in the preparation of the chlorate of baryta. The reac- 
tion that ensues is exactly the same in both cases, hydrochlo- 
rate and chlorate of potassa being formed in the present in- 
stance. The chlorate is deposited in crystals from the solution, 
but the hydrochlorate, being ijiure soluble, remains dissolved. 
Instead of using caustic potassa, a strong solution of the carbo- 
nate is generally employed. The siliceous matter which the 
common carbonate always pontains is deposited first, rendering 
the liquid cloudy, andnnixing with the chlorate of potassa; it 
is separated by dissolving the crystals of the chlorate in the 
smallest quantity of hot water that will take them up, which de- 
posits the salt in crystals again as it cools. The carbonic acid 
of the carbonate is separated with effervescence. • 

577. live parts by weight of the common binoxide of man- 

ganese with a proper proportion of hydrochloric acid (529, 
p. 167), pay be taken for every eight parts of the carbonate of 
potassa. • • 

Chloric acid reddens the vegetable blues, is decompos- 
ed by a number of substances jvhich have a great affinity for 
oxygen, and forms an important class of salts, all of which are 
decomposed by Beat, and distinguished by the violent action that 
takes place when they are exposed to heat along with inflammable 
substances. With some inflammable bodies, the salts of chloric 
acid detonate at natural temperatures by friction or percussion. 
Its solutions are not precipitated by a solution of the nitrate of 
silver. * 
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Sect. IV. — Perchloric Acid. 

Symb. -SCI. Eq. by W. 91.5 (O. 56 + 35.5 Cl). 

579. Heat aqueous sulphuric in an evaporating basin, and 
add carefully, in small successive portions^ and in the fines'* 
powder, an equal weight" of rery dry chlorate of potassa. The 
products are perchlorate of potass a, bisulphate of potassa, and 
chlorous acid, which is evolved, the same reaction taking place 
as is described in the section on chlorous acid. 

580. Remove by cold water the bisulphate of potassa (a very 
soluble salt) from the perchlorate, which is very sparingly 
soluble (requiring sixty-five times its weight of cold water for 
solution). Dissolve the perchlorate in boiling water, and purify 
it by crystallization. Then mix one part of water, four of 
aqueous sulphuric acid, and eight of the perchlorate, in a glass- 
retort, and apply heat. The perchloric acid, and part of the 
water, are then distilled over, and may be condensed in a re- 
ceiver. 

581. By mixing the solution witl^ aqueous sulphuric acid, and 
distilling a second time, it has been procured in the solid form. 

582. Perchloric acid is particularly distinguished by the very 
sparing solubility of the salt it forms with potassa. Its concen- 
trated solution has a specific gravity of 1.65, and emits fumes 
when -exposed to the air. It is not so prone to decomposition 
as the other compounds of chlorine and oxygen, ana is not af- 
fected by sulphuric or hydrochloric acids. 


Sect. V. — Hydrochloric or Muriatic Acid^ 

§ 

JSjymb. IICI. Eq. by W. 36.5 (Chlorine 35.5 + 1 Hydrogen) ; by 
volume LD (two measures)." Specific gravity 1.256. Weight 
o/*100 c. i. 38.97 grains. It is liquefied by a pressure of 40 
atmospheres at 50°. Water absorbs 480 times its bulk of this 
gas. 

583. This important compound exists always in the gaseous 
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state at natural temperatures ami under ordinary pressure. The 
term muriatic acid is commonly applied to a compound of it and 
water, also called Spirit of Salt, Marine Acid , being usually pre- 
pared by distillation from common salt (chloride of sodium) and 
sulphuric acid. 

584. The best process for the preparation of the common li- 
tptid hydrochloric acid is that adopted by the Edinburgh Col- 
lege. Common salt Ys exposed for an hour or two to a red heat in 
an earthen vessel, to decompose ant inflates which it may con- 
tain (a small quantity of # these salts being occasionally found in 
it). It is then mixed in a glass-retort with an equal weight of 
sulphuric acid, previously diluted with a third of its weight of 
water, and allowed to cool before using it, pouring the acid up- 
on the salt by along fungfl (Fig* 55, p. 34). The retort is then 
placed in a sand-bath, and a receiver adapted to it, containing 
water equal in weight to two-thirds of the salt employed. The 
materials should not occupy more than a third of the body of the 
retort, as they are apt to boil over when exposed to heat. The 
furnace is kindled after every tiling has been properly adjusted, 
and the distillation is Continued to dryness ; the receiver is kept 
cold, and the apparatus arranged in the manner represented in 
Fig* 77, p. 60. • When the atmospheric air in the retort and re- 
ceiver has been expelled, which usually takes place a short time 
after the mixture begins to boil •the receiver may be luted to the 
neck of the retort with a little clay, taking care always to keep 
it sufficiently cold by a constant stream of water. One eipii va- 
lent of suljjhuric acid (49.1 is capable of decomposing on<* equi- 
valent of cmloride of sodium (59), and giving an equivalent of 
hydrochloric acid ; but Dr Hope found that when equal weights 
are employed, the decomposition, as it is usually effected, is more 
complete, and a larger quantity of hydrochloric acid more easily 
procurqjl. The acid gas produced by flu* action, and the water 
previously mixed with the materials, are condense 1 in the re- 
ceiver, and considerable heat is produced not only by the con- 
densation of the watery vapour, 4mt also by the combination of 
the hydrochloric acid gas with the water in' the receiver. 

585. 1 he specific gravity of the acid compound collected in 
the receiver would be above 1.18, and would contain 38 percent, 
of dry hydrochloric acid, were all the water added to the sul- 
phuric acid to be collected* in the receiver, and all the hydro- 
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chloric acid which the salt can afford to be condensed by the 
water. The specific gravity of the acid usually sold is 1.17, and 
it contains about 34 per cent, of dry acid. 

586. In this process, each equivalent of hydrochloric acid is 
formed by one equivalent of the chlorine of the chloride com- 
bining with the hydrogen of the water in the common sulphuric 
acid. The sodium takes the oxygen thus liberated and forms 
soda, with which the sulphuric acid at the same time unites, and* 
is .converted into sulphate of soda. The excess of sulphuric acid 
(which is not represented in the following diagram) combines 
with part of the sulphate of soda and forms a bisulphate. 


Pig. 157 . 

lteforc JJt'cowjMjstii'jH. 

(f i i a # ( Hydrogen 1. . 

Sulphuric' A fitl | l> r y Arid 40.1 _ 

59 CMoride of j Chlorine 2*5.5.**' 

Sodium (Sodium 23.5 

Synth II IS & Cl Na 



A ftcr Decomposition. 

.36.5 Hydrochloric Acid. 


.71.6 Sulphate of Soda. 


11C1 & : S Na. 


587. Dilute some of the acid with an equal bulk of water, and 
add a drop or two of a solution of the hydrochlorate of baryta ; 
if any precipitation take place, it contains sulphuric acid. This 
may be separated by a second distillation with a small quantity 
of the chloride of sodium, condensing it in water as before. 
When the process is carefully conducted, the hydrochloric acid 
is never contaminated with sulphuric acid. 

588. Hydrochloric acid gas tnay be formed by detonating a 
mixture of equal measures of chlorine and hydrogen ; the bottle 
should be filled half full of hydrogen first, and then filled up with 
chlorine, corking it immediately to prevent the absorption of any 
of the chlorine by the water. A lighted match is then applied 
in the usual manner ; the mixture detonates with fiam$ and a 
loud report, but.no condensation attends the combination, two 
measures of hydrochloric acid gas being formed. Pour an infu- 
sion of litmus into the bottle inilnediately after the detonation ; 
it will be reddened by the hydrochloric acid ; if it had been 
poured in before the combination was effected, the chlorine 
would have rendered it colourless. 

581). Fill the detonating bottle again with hydrogen and chlo- 
rine in the same manner and in the same proportions, cork it. 
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and expose it to the direct rays of the sun. A detonation takes 
place, and if the cork be not forced out, the hydrochloric acid 
gas will *be completely absorbed on taking it out under water. 
If the mixture be kept in the dark, no action takes place, at least 
for a great length of time ; in the shade, the chlorine and hy- 
drogen combine slowly without detonation. 

590. When hydrochloric acid is required in the gaseous form, 

ft must be collect etf in jars or bottles oyer the mercurial trough, 
as it is instantly absorbed in large quantity by water. The easiest 
method of obtaining it is by exposing a strong solution of hydro- 
chloric acid in water (common liquid muriatic acid) to a gentle 
heat in a small tubulated retort capable of containing three or 
four ounces ; it may be filled half full, and a spirit-lamp held in 
the hand will be found the most 1 convenient metho^ of applying 
the heat. Hydrochloric acid gas is soon disengaged abundantly, 
and may be collected after the air has heen expelled from the 
retort ; no water is distilled over along with it till a considerable 
portion of gas lias heen expelled. A sufficient quantity should 
be collected at once for all the experiments it is intended to per- 
form with it. ff 

591. When the student has no mercurial trough, he may col- 
lect the hydrochloric acid ^as by displacement in the manner 
represented in Fig. 100, p. 89. 

592. Hydrochloric acid gas has an acrid, pungent, and suffo- 
cating odour, and has a strong acid taste, even when combined 
with a large quantity of water. It is transparent and colourless, 
produces^funies when mixed with the air, combining with the 
watery vapour which it contains ; and it cannot support com- 
bustion or respiration. 

593. Hydrochloric jacid gas has a very great affinity for water, 

which can absorb 480 times its bulk of this jras. Considerable 
heat is produced by the combination, and the specific gravity of 
the resulting liquid is 1.21. • 

594. Take a long tube or bottle filled with the acid gas at the 
mercurial trough, close it with *the thumb or finger, transfer it 
to a basin of water coloured blue by an infusion of cabbage or 
litmus, and remove the finger under the surface of the water : 
the gas is immediately condensed, the coloured water is forced 
up into the tube with explosive violence by the pressure of the 
atmosphere, and reddened at the same time by the acid. If am 
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common air should be mixed with the gas, the absorption goes 
on more slowly, and the air remains in the tube. 

595. Fill a small test tube with water, and introduce a Ijfctle 
into a jar of hydrochloric acid gas over the mercurial trough (see 
267, page 88) ; observe the large quantity of gas it condenses, 
which is indicated by the rising of the mercury. 

596. Put a piece of ice into another jar i it is melted almost 
immediately, and a solution of hydrochloric acid is formed. 

597. Take 300 grains (or any other known quantity) of the 
acid procured by distillation in the manner described, dilute it 
with an equal quantity of. water, and drop into it fragments of 
marble from a given weight of this substance, till it will not dis- 
solve anv more. Then ascertain the quantity of marble dis- 
sohed, by weighing what may still domain undissolved in the 
liquid, first washing it with water, and drying it. Then calcu- 
late the quantity of dry hydrochloric acid which it contains, 
allow ing 36.5 grains of dry acid for every 50.62 grains of marble 
dissolved ; for 36.5 parts (one equivalent) of dry hydrochloric 
acid render soluble 50.02 parts of marble ( = carbonic acid 
22.12 -h 28.5 lime), combining with the lime and disengaging 
the earbonii acid. 

598. Fill a long tube half full &( strong liquid hydrochloric 

acid, and pour water gently over it till tlie tube is full, then close 
the mouth with the finger rubf)ed over with a little wax lute, 
and invert it till the two fluids are completely mixed. Heat is 
evolved, and when the diluted acid is cooled, it will be found 
to occupy a smaller volume titan the liquids beforg^fhev were 
combined. > 

599. Strong liquid hydrochloric acid is transparent and colour- 
less when perfectly pure, emits copious fiyneson exposure to the 
air, boils at ll(V, giving off hydrochloric acid gas, qnd freezes 
when exposed to a very low temperature. 

600. It has usually a light’ greenish-yellow colour, from the 
presence of a small quantity of chlorine or chloride of iron. The 
chlorine is produced by the presence of nitric acid, which reacts 
on part of the hydrochloric acid : the nitric acid is disengaged 
from some nitrates mixed with the salt, by the sulphuric acid 
used in the process. The iron of the chloride is derived from 
some impurities in the materials ^employed, or from the iron 
vessels in which the acid is prepared on the large scale. Chlorine 
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may be occasionally detected by the smell, or by gold leaf, 
which it speedily dissolves, but on which pure hydrochloric acid 
has 4 jo action. To detect the iron, an excess of ammonia must 
be added to a small portion of the acid diluted with five or six 
times its bulk of water, w hen any iron that may be present will 
be precipitated. When hydrochloric acid is coloured by free 
chlorine, it may be rendered colourless by adding a few fragments 
of tin. which combines with the chlorine.. The hydrochloric acid 
gas may then be redistillejJ. The presence of iron and any sul- 
phuric acid may be avoided by passing the gas through a small 
quantity of water in the first bottle of. a Woulfe’s apparatus. 

601. The following table (abridged from one in Dr Lire’s 
Dictionary), shews the quantity of dry acid in common hydro- 
chloric acid of different densities.* 

* 


Table of Liquid Hydrochloric Acid by Dr i re. 


I Specific 5 Dry Acid in ! 

Specific 

Dry Acid in 1 

Specific 

Dry Acid in 

Specific 

Dry Acid >11 J 

Gravity. 

J<N) parts. 1 

| Gravity. 

!•*» parts. ( 

Gravity. 

1U0 parts. 

Gravity. 

100 part*. 1 

1.2000 

40.777 i 

1.1515 , 

, 30.528 i‘ 

f.00110 

20.388 

1.0497 

10 194 | 

1.1902 , 


1.1494 

80.174 

1 .0980 


l 0177 

9.786* 

1.196*4 

39.961 I 

1.1473 

20.767 : 

1.0960 

19.572 

1.0457 

9.379 

1.1946 

39.554 ! 

,1.1452 

29.350 : 

e E m 

19.165 

1.0437 

8.87 1 

1.1928 

39.146 ' 

1.1431 

28.!>3f ' 

1.0919 

1 6.757 

1.0417 

8.563 

1.1010 



28.544 ! 

1.0899 

18.349 , 

1.0397 

8.155 

1.0898 

38.330 

1.1389 

28.136 ,1.0879 

17-941 

1.0377 

7717 

1.187* 

37-923 

1.1369 

27-728 , 

1.0859 

17.534 

1.0357 

7.340 

1.1857 

37.516 

1.1349 

27.321 , 

1.0838 

17-126 

1.0337 

6 632 ! 

1 .1846 

37.108 

1.1328 

26.913 

1.0818 

16-718 

1.0318 

6 524 : 

1.1822 ! 

36.700 

1.1308 

26.505 

1.0798 

16.310 

1 0298 

6.1 Hi j 

1.1802 


1.1287 

26.0*48 : 

1*0778 

15.902 

1.0279 

5?709 | 

1.1783 

35.«34 

1.1267 

25.690 : 

1.0758 

15.404 

1.0259 

5.301 ; 

1.1162 

35.476 

1.1247 

25.282 51 1.0738 

10.087 

l .0239 

1.893 ; 

1.1741 ; 

35.068 

1.1226 

24.874 

1.0718 

14.679 

1.0220 

4.486 

1.1721 : 

34.660 

1.1206 

24.466 

1.0697 

14.271 

1.0200 

4.078 ; 

1.1701 j 

34.*S2 

1.1185 

24.058 m ■ 

1.0677 

13.863 

1.0180 i 

3.670 

1.168) ! 

33.845 

1.1164 

23.650 , 

1.0657 

13.456 . 

1.0160 1 

3.202 ! 

1.1661 ! 

33.437 

1.1 !4.i 

23.242 

1.0637 

• 13.049 l| 

1.0140 

2.854 J 

1.1641 j 

33.029 

1.1123 

22 834 , 

1.0617 

12.641 'I 

1.0120 

2.447 

1.1620 j 


1.1102 

22.426 ! 

1.41507 

12.233 ! 

1.0100 

2.039 

1.1599 j 

32.213 | 

1.1082 

22.019 I 

1.0577 

11.825 . 

1.0080 

1 631 

1.1578 i 

31.805 | 

i.y>6i 

21.611 

1.0557 

11.418 ; 

1.0060 

1.224 

1.1057 1 

31.398 1 

1.1041 

21.203 ! 

*0537 

11.010 

1.0040 

0.816 

1.1536 j 

30.990 j 

l . 1020 

20.796 j 

1.0517 

10.602 

1 • 

1.0020 

0.408 


602. The most delicate test of hydrochloric acid is a solution 
of the nitrate of silver, which gives a copious curdy precipitate 
of the chloride of silver, the Lydrogen of the acid combining at 
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tlie same time with the oxygen of the oxide. Chlorine, indeed, 
gives a similar precipitate, but its action on blue vegetable co- 
louring matter distinguishes it sufficiently from the acid; chlorine 
rendering it colourless, while hydrochloric acid renders it of a 
bright red colour. 

603. Hydrochloric acid combines with the salifiable bases, and 
forms an important class of salts termed hydroehlorates. Thev 
are, in general, decomposed by heat, the hydrogen of the acid 
uniting with the oxygen of thfe oxide, the resulting products being 
water and a metallic chloride. They are decomposed also by 
sulphuric acid. 

604. In solutions prepared by the action of hydrochloric acid 
on a fixed alkali, earth, or common metallic oxide, the elements 
may be arranged so as to be id the stute of a hydrochlorate of 
the oxide, or a chloride of the metal and water. *Thus, common 
salt in solution may be hydrochlorate of soda, or chloride of so- 
dium and water. 

Symb. HC1 Na = Cl Na & H. 


Sect. VI. — Quadroghloride of Nitrogen. 

St, mb, CPN. K<[. htj W. 156.2 £ Chlorine 142+14.2 Nitrogen.) 

605. This compound detonates with great violence when 

touched with many inflammable substances, or exposed to heat; 
many "accidents, attended with* very* serious consequences, have 
taken place during its preparation. * 

606. It is prepared by inverting a jar or wide-mouthed bottle 
(capable of containing about 12 <jr 14 oqnees) full 8f chlorine 
over a dilute solution of the hydrochlorate of anmioniy, made by 
dissolving an ounce of the salt in ten or twelve ounces of water ; 
the bottle is placed on a very Strong shallow leaden cup, which 
rests on a deep plate containing the solution .previously heated 
to the temperature of 90°. OiTc portion of the chlorine takes 
the hydrogen of the ammonia, forming hydrochloric acid, and 
the other, combining with tlie nitrogen, is converted into the 
quadrochloride, which collects in the form of an oil on the sur- 
face of the liquid, and drops through it into the leaden cup; ail 
additional quantity of the solution must be ready to fillup the 
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plate as the absorption of the chlorine proceeds. Great care 
must be taken not to shake the bottle, and any gas-lute or fatty 
ma^er adhering to it must be removed by washing it with a 
dilute solution of potassa before it is tilled with chlorine. When 
the oil has fallen into the leaden cup, the bottle is carefully 
moved from the cup, which is taken cautiously away. 

607. The liquid remaining above the quadrochloride of nitro- 
gen in the cup is withdrawn by dipping small pieces of bibulous 
paper into it. On touching the quadrochloride with a drop qf 
olive-oil at tl\e end of a stick, which should he at least two or 
three feet long, a loud explosion takers place, though the quan- 
tity of the quadrochloride should not exceed the bulk of a pea. 
It is resolved at the same time into efilorine and nitrogen. The 
manner in which inflammable sTibstanees act when they cause 
an explosion with it has not been precisely ascertained ; it is 
supposed that the chlorine takes hydrogen from many of the in- 
flammable substances with which the chloride is touched, and is 
converted into hydrochloric acid gas, the nitrogen also assum- 
ing suddenly the gaseous form. • 

608. Its odour is extremely penetrating and almost insup- 
portable, affecting the eves very much on leaning over it even 
for a second or two : at natural temperatures it volatilizes ra- 
pidly, and explodes when heated to 200'. 


Sect. VII. — Nitro-Mcriatic Acid. (Aqua Ke<;ia.) 


609. There is no chemical compound of nitric and hydrochlo- 
ric acids (or at least it can exist only at low temperatures), these 
two substances decomposing pach other and forming chlorine, 
w r ater, anck nitrous acid. Nitric acid rqay be regarded as a com- 
pound of nitrous acid and oxygen, and in the following diagram 
its composition is stated in this iflanncr, that the nature of the 
reaction which takes place between it and hydrochloric acid 
may be more easily perceived : * 


Before Decompotition. 


Fig. 

After Decormpotition. 


36.6 Hydrochloric Acid 
64.2 Nitric Acid 


Chlorine 36.6 

Hydrogen ... 1. 

Oxygen 8. 

Nitrous Acid 46.2. 


36.6 Chlorine. 

0 Water. 

.46.2 Nitrous Acid. 
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This compound, then, though still called the Nitro- Muriatic 
Acid (known also by the name of Aqua Regia , from^its power 
of dissolving gold), is 'in reality composed of chlorine, water, 
and nitrous acid ; its characteristic properties depend on the 
presence of free chlorine. 

610. It is prepared usually by mixing two measures of nitric 
acid with one of hydrochloric acid, but various proportions a*e 
employed for different purposes, as an excess of nitric or hydro- 
chloric acid may be required along with the chlorine ; 100 parts 
of common hydrochloric acid, specific gravity 1:18, and 74 of 
nitric acid, specific gravity 1.48,, are the proportions of the two 
acids necessary for decomposing each other in the manner re- 
presented in the diagram. lissome operations a smaller quan- 
tity of nitric acid may be sufficient to decompose the hydrochlo- 
ric acid, more oxygen being withdrawn in this instance from 
themitrogen of the nitric acid. The nature of the reaction, the 
deep red colour which the liquid assumes, and the disengage- 
ment of chlorine, may be easily seen by mixing half an ounce 
by measure of hydrochloric acul with an •Mince of the nitric, and 
exposing the mixture to a gentle heat in a flask. 


Sect. VIII. — Compounds of •Chlorine with Binoxide of 
Nitrogen, Sulphur, Phosphorus, Carbon, IIydruret of 
Carbon, Carbonic Oxide, and Boron. 

611. Ciiloronitrous Gas. — This compound is farmed when 

chloride of sodium is mixed with concentrated nitric acid, which 
is added in sufficient quantity to moisten it. It hs^ a reddish- 
yellow colour, and was discovered by Mi* E. Davy, who regards 
it as a compound of eqrtal volumes of chlorine and binoxide of 
nitrogen. • 

612. The sodium of the common salt attracts oxygen from part 
of the nitric acid, and beeomes*soda, while bmoxide of nitrogen 
is evolved and attaches itself to the chlorine of the salt. The 
soda combines with a portion of undecomposed nitric acid. 

613. Dichloride of Sulphur is prepared by transmitting 
chlorine over flowers of sulphur in a glass- vessel moderately 
heated. It is mixed at first with an Excess of sulphur, from which 
it is separated by distillation. It is a reddi§h*colourefl liquid. 
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easily volatilized, and emits very acrid irritating* hnnes. Lt de- 
compose^ water, alcohol, and ether, a portion of sulphur being 
deposited, and the remaining* .sulphur bbing converted into sul- 
phurotLs and sulphuric acids liy tfie oxygen which it takes from 
these substances, the chlorine at the same time uniting with hy- 
drogen, and forming hydrochloric acid. 

- 614. Dumas has described a chloride of sulphur which he pre- 
pared by using a great excess of cldoriAo. 

615. The method of prtqmring the Chloride ok PhosphoruS, 

termed more Specifically the sesquichloride, and the only use to 
which it has been applied, are dgscribfol in 377. Tin* Pkrchlo- 
ride of Phosphorus is formed when phosphorus is introduced 
into chlorine. Water and the prrehloride mutually decompose 
each other, the chlorine taking hydrogen, and producing hydro- 
chloric acid, wfiile the phosphorus, combining with the oxvgen, 
is converted into phosphoric acid. • 

616. Hydro-Carburet of Chlorine is prepared by mixing 
two measures of chlorine with one of olefiant gas, and leaving 
the mixture over water. A slow combination ensues, and a few 
drops of an oily liquid are formed, which must he washed with 
water, mixed with some chlqfide of calcium to retain any water 
that mav adhere to it, and purified by distillation. Its taste is 
sweet ; it boils at about 150°, and is completely decomposed by 
a red heat. 

617. By subjecting this compound repeatedly to the action of 
chlorine gas while exposed to the* rays of the sun, l)r Faraday 
succeeded^h obtaining a compound of chlorine and carbon, the* 
hyifrogen being removed and converted into hydrochloric acid. 
It has received the name of Pekchlokidk of Carbon. For the 
details of the process for preparing this compound, I must re- 
fer to Dr Faraday’s paper in the Philosophical Transactions for 
1821. When its vapour is passed through a red-hot porcelain 
tube, a large quantity of chlorine is disengaged, and a liquid is 
obtained, composed of one equivalent of carbon and one of chlo- 
rine, the Protochloride of Carbon. Another compound, the 
Dichloride of Carbon, called also Subchloride of Carbon, 
or Bicarburet of Chlorine, has been described. It contains 
two eqs. of carbon, and one of chlorine. 

618. Cjiloroc a rbonic Acid is a compound of chlorine and 
carbonic oxide, discovered by Dr John Davy ; it has beei^ called 
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Phosgene Gas, from being formed by the action of light on the 
mixed gases. It is transparent and colourless, reddens litmus 
paper, combines with ammonia, and is decomposed \>y wuter, 
when carbonic and hydrochloric acids are produced, the hydro- 
gen of a portion of water combining with the chlorine, and the 
oxygen with the carbonic oxide. It is also decomposed by tin, 
zinc, antimony, and other metals, when they are heated in ft. 
The metal combines with ttye chlorine, and liberates the carbo- 
nic oxide. • 

619. Teiichloiiide of Houon. To prepare this gas, heat 
boron gently in a glass-tube where it may be exposed to a cur- 
rent of chlorine, and collect the terchloride thus formed in a tube 
or jar at the mercurial trough. # It is contaminated at first with 
an excess of chlorine, which is soon condensed by the mercury. 

020. Torch loridt»of boron has a great attraction for moisture, 
and#s condensed rapidly by water, being at the same time de- 
composed, and producing with the elements of the water, hydro- 
chloric and boraeie acids. 

Cl 3 U&3'H*=3HC1 ^ ill. 


CHAP. X.— IODINE. 


Symh.ml. Kq. by IF. 126.5 ; by .volume □. Up. gr . of solid iodine 
4.948 ?* Sp. gr. of the vapour of iodine 8.717. *lF. of 100 
c. i. 270.3 grain*. It requires 7000 parts of water for its so- 
lution, hut is much more soluble in alcohol and it ^ ether. It 
volatilizes at tiatural temperatures, melts at 227°. and sublimes 
at 350o. 

• 

621. Iodink is a substance that bears a great resemblance to 
chlorine in all its chemical relations ; it was (discovered by M. 
Courtois in 1812. It is obtained from the ashes of incinerated 
marine plants. 

622. The process usually followed for the preparation of io- 
dine was proposed by Dr Ure. The liquid that remains after 


* 3.0M44, affording to Dr Thom&ou* 
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most of the saline matter has been extracted from kelp * is 
heated to the temperature of 230°, and poured into a stone-ware 
basin (wKich should not bo more than half full) ; then one part 
bv measure of sulphuric acid, previously diluted with an equal 
bulk of water, is mixed with every eight parts by measure of 
the liquid employed. A brisk effervescence immediately takes 
place, a quantity ofjpulphur is at the same precipitated, crystals 
of the sulphate of soda are deposited wJien the mixture is cold, 
and hydriodic aeid remains in solution. 

623. The stilts which this fluid contains are composed prin- 
cipally of soda, combined with hydnosulphuric, carbonic, sul- 
phurous, and hydriodic acids, all of which an* separated by the sul- 
phuric acid, which coiubineswith Jhc soda and forms the sulphate 
that is afterwards f crvsta Iff zed. The carbonic acid and part of 
the hydrosulplntric and sulphurous acids are disengaged, and pro- 
duce the effervescence ; the remainder of the latter compounds 
mutually decompose each other, the hydrogen of the one com- 
bining with the oxygen of the other, while the sulphur of both is 
precipitated. The inyuire hydrfbdic aeid which remains in the 
liquid, is separated from the sulphur by filtration through paper. 

624. In the # last stage of the process, the iodine is obtained 
by mixing 1000 grains of th? binoxide of i^tnganese with every 
12 ounces, apothecaries' measure, of the filtered liquid, in a 

glass-retort (capable of containing at least 
24 ounces when quite full), and applying 
heat. The iodine is to be collected in a re- 
ceiver lApt cold in the usual manner. Dr 
Ure recommends a glass-flask to be used, 
and the iodine, which is deposited in small 
crystals, to» be condensed in a large globe or 
receiver placed alfave it in the manner re- 
presented in Fig. 159, interposing a disc of 
wood (a tin pfate does better), with a hole in 
the centre, betee^n the flask and the receiver, that the latter 
may not be heated too much by the hot air ascending from the 



* Kelp is the term applied to the ashes of incinerated sea-weed prepared on 
the coast of Scotland, and is used in large quantities by several of the soap- 
manufacturers in this country, from whom the above liquid is generally pro- 
cured. In many soap-manufactories, the use of kelp has been entirely super- 
seded by soda prepared from common salt. 
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chauffer. A mixture of cinders and charcoal gives a better fire 
for this purpose than either of them separately. When the 
globe becomes warm from the condensation of iodine and watery 
vapour, it must be removed, and,another put in its place, washing 
out the iodine with a small quantity of water, that it may be 
ready to replace the other. When the prepared iodine liquor 
has been kept some weeks before it is used, sometimes little or 
no iodine is obtained on heating it with binoxfde of manganese : * 
in such cases I have found that the addition of a little caustic 
pofassa causes the iodine vapours to appear in as large a quan- 
tity as if the liquid had been newly prepared. From 80 to 100 
grains of pure iodine are obtained from the above quantity of 
liquid. * 

625. The theory of the process is sinylar to the theory of the 
preparation of chlorine from hydrochloric acid . 9 Fjydriodic acid 
is composed of one equivalent of hydrogen and one of iodine, 
and wliter, iodine, and hydriodate of manganese result from the 
mutual reaction of two equivalents of this acid and one of the 
binoxide of manganese. The fallowing diagram gives a more 
precise view of the nature of the action which takes place : — 


Fig. ICO. 

lit/ ore Decomposition. 

|Si£r..«l5 

127-5 Hydriodic Acid 127 - 5 ^^..---‘ 

43.7 Binoxide of M. jo£?§|£n* 35 7 I— --'>--^163.2 Hydriodate of M. 
• Bymb. 2 III & :Mn = »H & I.& HI + Mn. 


softer Decomposition. 
JD Water. 

126.5 Iodine. 


626. If, however, an excess of sulphuric acid be present in 

the liquid, which is generally the case, all the hydriodic 
acid* may be decomposed, sulphate of manganese being # formed, 
and the oxygen disengageif from the binoxide uniting with the 
hydrogen of the hydriodic acid. • The details of the action have 
not yet been minutely investigated. 0 

627. As the liquid directed to*be used in the preceding pro- 
cess cannot be so easily procured now, many soap manufacturers 
using very little kelp, and obtaining the soda they require prin- 
cipally from other sources, a little pure hydriodic acid may be 
mixed with the binoxide of manganese in a small tube or glass- 
retort, to shew the action that takes place. Should the soda 

• N 
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liquid obtained from the manufacturer not have been prepared 
from kelp alone, and contain, therefore, a different proportion 
of hydriodie acid, a quantity of .sulphuric* acid different from 
that mentioned in 622 must be r employed. The proportion re- 
quired must be found out by operating on small quantities, and 
observing 1 in what proportion the most abundant products can be 
obtained. 

628. Iodine is a solid substance of a dark bliiish-grev colour 

«s ' * 

and metallic lustre ; when slowly Sublimed, its vapour condenses 
in rhomboidal plates. It has a pungent odour, an acrid taste, 
stains the skin of a deep brownish-yellow colour, and destroys 
the vegetable colours, though it acts more feebly upon them than 
chlorine. With oxygen, hydrogen* nitrogen, sulphur, phospho- 
rus, and the metals, it farms arf important class of compounds, 
similar in thejr general chemical relations to those which chlo- 
rine forms with the same substances. 

629. Put a few grains of iodine into a large glass-flask, and 

expose it to a gentle heat. The iodine is sublimed and forms a 
rich violet-coloured vapour, which condenses in crystals as it 
cools. * 

630. Boil a little iodine with five or six ounces of water in a 
Florence flask. The vapovr of iodine rises along with the va- 
pour of the water at 212°. 

631. Cut three or four verj* thin pieces of phosphorus, place 
them on a tin cup after they have been well dried, and throw a 
little iodine upon them. They combine, considerable heat is 
produced, and part of tlie.phosphorus is generally inflanfed. If 
they be Brought in contact in a small tube filled with mercury 
and inverted in a cup of the same liquid, or at the mercurial 
trough, tfiey immediately combine, but no light is disengaged ; 
the light appears only when part of the phosphorus combines 
with the oxygen of the air, being inflamed by the heat produced. 

632. Make a strong solution of starch in boiling water, and 
mix some iodine with it ; a compound of a very deep blue colour 
is formed immediately. Pour* some boiling water upon it, and 
the mixture becomes quite colourless. Pour the colourless liquid 
immediately, while still warm, into cold water ; the blue tint of 
the iodide of starch is in general restored, hut if it be allowed 
to cool slowly, the colour seldom returns. Starch is the most 
delicate test of iodine whiih we possess, and w r ith this substance 
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one part of iodine may be detected in 450,000 of water. Drop 
a solution of starch into a solution of iodine and water, and ob- 
serve the deep blue colour which is immediately produced, though 
this liquid can dissolve only 7 (iir>dth part of its weight of iodine. 

633. The best method of detecting minute proportions of 

iodine in solution was pointed out bv M. Balard. The liquid 
suspected to contain it is mixed with a solution of starch, and 
sulphuric acid added in excess ; chlorine water is then poured 
oyer it : a blue band is pertieived where the two liquids meet 
if anv iodine be present, and though It may be very feeble, it 
is in general distinctly recognised on contrasting it with the 
liquids above and below. The sulphuric acid separates the 
hydriodic acid (for this is" the form in which iodine usually 
exists) from any base with width it nyiy be combined, and the 
chlorine, taking the hydrogen of the hvdriodifc acid, disengages 
its iodine, which immediately combines with the starch. The 
blue compound is produced solely by the combination of the 
starch with the free iodine ; hydriodic acid has no action on 
starch. 9 

634. If the proportion of hydriodic ac’id in solution be not 
exceedingly small, part of the sulphuric acid reacts on it and 
disengages a portion of iodine, width immediately produces the 
characteristic blue colour with the starch, though no chlorine 
be added. To see this, dissolve a grain of the liydriodate of 
potassa in a few ounces of water, and pour a solution of starch 
into it, after adding a drop or two of sulphuric acid. If the 
solution of the hydriodate bo stropg, iodine vapour is disen- 
gaged on adding strong sulphuric acid ; Dr Fvfe fouifcl that this 
takes place also when the acid is added to a concentrated infusion 
of marine algic in hot water. In these eases, while <jpe portion 
of the acid combines with the salifiable *base, the other yields 
oxygen to the hydrogen of the hydriodic acid, w'ater alid sulphu- 
rous acid being at the same tijne formed. 

Synth. :S & HI = :S Sc *H & I. 

635. Chlorine can generally liberate iodine iFrom its combina- 
tions, without the aid of sulphuric acid, and enable it to affect 
starch in the usual manner. It is preferred, however, to operate 
in the manner described in par. 633. 

636. In all these experiments for detecting iodine, cold water 
must be employed, as the blue contpound of iodine and starch 
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is decomposed by hot water. Minute quantities also of the 
chlorine and sulphuric acid should be added at first, as an excess 
destroy s*the compound of iodine and starch. 

637. Iodine is frequently employed in medicine and acts as 
a virulent poison when given in an over dose. The proper 
antidotes are large quantities of starch and other mucilaginous 
substances dissolved in water. 

638. Iodine is frequently adulterated with a variety of sub- 
stances from which it may be separated by sublimation. It is 
also often loaded with moisture, which may be removed by 
putting it into a cup or phial, and placing thi> in a larger phial 
or bottle containing dry chloride of calcium. The water as- 
sociated with the iodine evaporates,* and is abstracted from the 
moistened air by the chloride. Tin' evaporation continuing till 
the water is in # a threat measure or entirely removed from the 
iodine. 


Sect. I. — Iodic Acid. 

Symb . : i I. Eq. by \V. 166.5 (Qjcuaen 40 + L26.5 Iodine.) 

« 

639. Four compounds of iodine and oxygen have been de- 
scribed ; viz. oxide of iodine, iodous acid, iodic acid, and per- 
iodic acid. The iodic is the most important: the qualities of the 
oxide and of iodous acid have not been so minutely ascertained ; 
they were^btained by heating iodine with different quantities 
of ^xygen gas. 

640. Iodic acid may be prepared by a process pointed out by 
Sir H. Da*y. Euchlorine, prepared by pouring 400 grains of 
hydrochloric acid, specific gravity 1.105, on 100 of the chlorate 
of potassa in a tube-retort, and applying a gentle beat (See par. 
564), is conducted into a small tfiin glass receiver containing 
about 40 grains gf iodine, a few pieces of chloride of calcium 
being put into the neck of the rdfcort. An evolution of heat ami 
light takes place when the euchlorine comes in contact with the 
iodine, one portion of which combining with the oxygen of the 
euchlorine, is converted into iodic acid, while the remainder 
unites with the chlorine, forming a compound which is easily 
separated from the iodic acui by a moderate heat. 
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641. Another process has been recommended by Mr Connell. 

It consists in boiling one part of iodine with five of the strongest 
nitric acid, in a tube fourteen or fifteen inches long*; heat is 
applied to the lower part o£ the tube only, so that any un- 
decomposed acid that is vaporized may return and act upon 
the iodine. Part of the iodine is volatilized from time to time, 
and condenses upon the upper part of the tube, from which it 
must be washed down with the acid liquul, or pushed dowfi 
by a slip of glass. • 

642. Iodic acid is a white semitransparent solid, having a 
very acid astringent taste. It is decomposed wh’en heated to 
3<>0 . It is soluble in water and deliquescent, and reddens the 
vegetable blues. Its salts lure termed iodates. Many of them 
may be prepared by the mutual actioji of their bases on water 
and iodine, the same reaction taking place that lips been already 
described with respect t»> chlorine (573). They detonate with 
intfalnmablo substances, and have the same general properties 
as the chlorates. 


Sect. II. — Periodic Acid. 

St/ mb. I. Ju[. by W. 182.5 (Oxygen 50 4- 126.5 Iodine). 

• 

613. Mix solutions of soda and indate of soda. Pass chlorine 
into the mixture in a Woulfe's apparatus till it absorbs no more, 
and then concentrate the solution •bv evaporation ^11 a solid 
matter is deposited, the periodate of Soda. In this operation, 
the chlorine unites with the sodium of the free soda, and its 
oxygen is transferred to the iodate of soda, producing the per- 
iodate. 

• ® ® 

644. The periodate is now to be dissolved in hot diluted 
nitric acid, and mixed with a solution of nitrate of silver. The 
mixture, if the solutions be of sufficient strength, deposits, while 
warm, crystals of an orange coltmr, which consist of the per- 
iodate of silver. By treating the periodate of silver with cold 
water, it is decomposed, and one-half of its acid removed in 
solution, all the silver being left with the remaining periodic 
acid in the form of a di periodate of silver. 

645. Periodic acid is similar to the perchloric acid in its 
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general chemical relations. Its solution, when concentrated by 
evaporation, yields crystals which are not affected by the air. 
When subjected to an increase of temperature, they are decom- 
posed, part of the oxygen being expelled. 


Sect. ill. — H ydriodic Acid. 

Si/ mb. HI. Eq. by W. 127*0 ( iodihe 120.5 -}- I hydrogen ). Eq. 
by volume ' LD ( two measures). Sp. or. 4.2 ,* W. of 100 c. i. 
130.24 grains. Water absorbs a very large quantity of this gas . 
Sp. gr. of common liquid hydr iodic acid ( hydriodic acid gas dis- 
solved by icater) 1.5 f 

» 

646. Hydriodic acid gas is formed by the action of one part of 
phosphorus with ten of iodine and four of water. The iodine 
and water are put first into a very small glass-retort or bask, 
the phosphorus added, and a gentle heat applied with a spirit- 
amp. In a very short time, a brisk reaction commences, a 
slight explosion generally taking place within the retort from 
the heat produced inflaming a portion of phosphorus, and also 
from the disengagement of a«! it tie pliosphureted hydrogen. Dense 
vapours are at the saihe time disengaged, and the hydriodic 
acid gas may be collected by displacement (Fig. 100 page 80) 
after these have been expelled. Water absorbs it as rapidly 
as hydrochloric acid gas, and it cannot be kept long over mer- 
cury. as tljjs metal begins t<* act upon it whenever they corf a e into 
eoytact, the mercury combining with the iodine, and lea\ing 
hydrogen gas. Phosphureted hydrogen is disengaged in consi- 
derable quantity towards the end of the operation ; when it 
begins to come, it is recognised by the acid gas with which it 
is mixed producing >vith the air a whiter coloured vapour than 
previously ; the process should *hen be stopped to prevent it 
from accumulating. Fifty or a hundred grains of iodine, with 
the proper quantity of phosphortis and water, will be found quite 
sufficient, using a retort capable of containing about five or six 
ounces of water. Constant attention must he paid to this ope- 
ration while it is going on. 

647. A number of complicated changes take place during 
the preparation of this gas* from the reaction of the different 
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substances mixed together and part of the newly formed products. 
Small cubical crystals may frequently be seen in the neck of the 
flask or retort employed ; they consist of liydriodic acid and 
phosphureted hydrogen, and are rapidly decomposed l?y water 
with effervescence, this fluid ccfrnbining with the hydriodic acid. 
The hydriodic acid gas is produced by the iodine combining with 
the hydrogen of a portion of water which is decomposed, the 
oxygen uniting with the phosphorus. # 

048. Other processes for Jhe preparation of hydriodic acid 
gas have been recommended, but thei*e is none by which the 
beginner can prepare a small quantity more easily than that 
which has been described. There are several circumstances with 
respect to the phosphureted hydrogen, and the other products 
that are formed at different periods of the process, according to 
the temperature applied, and the proportion of. water employed, 
which require further investigation. • 

(UP. M. F. IVAreet has proposed to prepare hydriodic acid 
gas in a very pure fornj, by heating a solution of hypophospho- 
rous acid, till it begins to give off phosphureted hydrogen by de- 
composing water, after which it*is to be cqoled, and mixed with 
an equal weight of iodine. On subjecting the mixture to a 
gentle heat, the water affords hydrogen to the iodine, producing 
hydriodic acid gas, while its oxygen # is transferred to the hypo- 
phosphorous acid. 9 

(350. When a considerable quantity of a solution of hydriodic 
acid in water is required, in which state it is usually kept as a 
test, tl^e most convenient process consists in decomposing the 
iodide of starch, while suspended in ^vater, by a stream of hy- 
drosulphuric acid. (Journal of Science, New Series, No. viii.) 
Sixty grains of iodine are dissolved in three ounces of alcohol 
(kept cold), and an ounce of sturdy reduced to a verv*fine pow- 
der diffused in four ounces of water ; on adding this* drop by 
drop, to the first solution, and stirring it constantly at the same 
time, iodide of stureli is formed ; the clear liquid is decanted 
after the iodide has subsided. A little water i» then poured on 
it to separate any alcohol that may be still mixed with it, and 
after this lias been removed, the iodide is diffused through an 
ounce of water, and a stream of hydrosulpliuric acid, from 400 
or 500 grains of the sulphuret of iron (315), passed through it till 
it becomes white. The liquid is tjien filtered to remove the 
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starch and sulphur that are disengaged, and boiled for a short 
time to expel any excess of hvdrosulphurie acid. The iodide of 
starch may be put into a conical-shaped precipitate glass or jar 
when it'is diffused through water, and the h\ drosulphuric acid 
gas prepared as directed in paragraph 331. 

651. In this process, the hydrogen of the hy drosulphuric acid 
combines with the iodine of the iodide of starch, and forms the 
hvdriodic acid, wlrfch remains in solution ; while the sulphur and 
starch, being insoluble, are separated. The mixture passes 
through a variety of sluvles of colour from the deep blue of the 
iodide to a rich brownish-red, orange, and yellow colour, before 
it becomes ultimately white ; these changes succeed each other 
rapidly, and present a very beautiful appearance when the hy- 
drosulpluiric acid is quickly cvqlved. It has been affirmed that 
the lmlriodie acid procifml by this process is not pure, being 
contaminated 'with a small portion of starch, which is not easily 
separated. The process described in the succeeding paragraph 
affords it free from all impurity. 

652. A solution of hvdriodic acid in water may be obtained 
also by transmitting fyydrosulplfurie acid through water contain- 
ing in suspension iodine reduced to a fine powder, the hydrogen 
combining with the iodine, and the sulphur being deposited. In 
the process described in 6ofl, the iodine is obtained in a much 
more minute state of division tjjan it can he procured in by tritu- 
ration. and the hvdrosulphurie acid acts more readily upon it in 
that state. In both eases, the liquid acid may he concentrated 
hy evaporation till it is obtained of the specific gravity of 1.5, 
continuing the application^ the heat for this purpose* till its 
baling point rises to 260° or 262\ 

653. In this state, it is a transparent and colourless liquid, 
having \Ay strong acid powers, and causing an effervescence 
with c&arl|pnutes. It acquires a deep colour on exposure to air 
and light, from the decomposition of a minute portion of acid 
and the separation of iodine ; a portion of oxygen being absorb- 
ed and combining with part of its hydrogen. 

654. Pour a small quantity of the acid into a dilute solution 
of litmus in water ; the colour immediately changes to a red. 

655. Pour a few drops into six glasses, each containing an 
ounce or two of water. To the first, add a single drop of a so- 
lution of the bichloride of platinum; the whole liquid inimedi- 
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ately becomes of as deep a reddish-brown colour as the strong 
solution of the bichloride employed, and after some time a 
brownish-black precipitate is formed. The bichloride of plati- 
num is the most delicate test .of liydriodic acid. The compound 
formed is supposed to be the biniodidc of platinum. 

Symb. Cl* Pt & 211 1 = 2HC1 & I 2 Pt 
Into the other glasses pour a few drops of the following li- 
quids : — ’ • 

(2.) A solution of the bichloride of mercury ; it gives a pre- 
cipitate of the biniodidc of mercury ,*whieli appears yellow at 
first, but soon becomes of a brick-red colour. In this and the 
preceding case, the chlorine which leaves the metal in solution 
combines with the hydrogen of the hydriodic acid, producing 
hydrochloric acid. '* , 

(3.) A solution of the nitrate of silver ; a greqnish-yellow' pre- 
cipitate of iodide of silver immediately appears. 

(4.) A solution of the acetate of lead gives a brilliant yellow 
precipitate, consisting of the iodide of lead. All these precipi- 
tates are compounds of the iodjnc of the acid with the metal of 
the solution employed ; the acid originally in combination with 
the metallic oxide in the two last cases, is left in solution, water 
being formed at the same time, by die combination of the hydro- 
gen of the liydriodic acid with the oxygen of the oxide. 

(5.) Strong nitric or sulphuric acid decomposes it. 1 he ac - 
tion in both cases depends upon the attraction excited between 
the hydrogen of the hydriodic acid, and the oxy gen of the other 
acids.* • # f 

((>.) Chlorine water produces the same effect, the hydrogen 
being withdrawn, and the iodine set at liberty ; a solution of 
starch may be added afterwards to produce the characteristic 
blue precipitate. # 

With the hydriodic acid gas collected by displacement, 
several experiments may be performed. If any have been col- 
lected over mercury, it should be used as soon as it is prepared. 
One jar mav be left over the mercury to shew its decomposition 
by this metal, the iodine combining with the mercury, while 
the hydrogen is left. It has been stated that when hydriodic 
acid gas is procured perfectly pure,* mercury does not decom- 
pose it. 

657. Remove a tube filled with tKe gas in the manner directed 
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in par. 260, and take the finger off the mouth under water ; the 
gas ii> absorbed as rapidly as hydrochloric acid gas, if it be not 
mixed with air. 

658. Introduce a small quantity of water into a jar full of 
the gas over mercury (par 267) to shew the large quantity 
which it can absorb. 

659. Fill a small jar half full of hydriodic acid gas at the 
mercurial trough, invert it with a tray, keeping the mouth of 
the jar upwards, and bring cautiously in contact with it the 
extremity of a narrow tube, or the beak of a small retort, froiii 
which chlorine is slowly escaping. About 50 or 60 grains of 
the binoxide of manganese may be employed with a proper pro- 
portion of hydrochloric acid, and a retort capable of holding one 
or two ounce measures. % The chlorine combines immediately 
with the hydrqgeh of the hydriodic acid, forming hydrochloric 
acid gas : purple-coloured vapours of iodine appear, which 
speedily condense : and if much chlorine be brought at fence 
in contact with the acid gas, an explosion attends the reaction, 
and a flash of light is at the sapie time perceived. The chlo- 
rine gas should be allbwed to come for some time before it is 
applied to the hydriodic acid gas, that all the air may be expelled. 
About 3 or 4 cilbic inches o£ hydriodic acid gas are quite suffi- 
cient for this experiment. The operator should place the vessel 
from which the chlorine is escaping on a retort-stand, and in 
such a situation that any excess of gas may be carried away by 
a current of air without annoying him. 

660. Insert a jar full of Jiydriodic acid gas with an earthen 
tra^, and pour into it a little of the strong fuming acid composed 
of nitric and nitrous acids. The hydrogen of the hydriodic acid 
immediately combines with the oxygen of the nitric acid, and 
iodine is set at liberty ; the rtiixture often inflames, even when 
the experiment has been made with n6 more than two or three 
cubic inches of the gas. , 


Sect. IV. — Teriodide of Nitrogen, Ciiloriodic Acid, tec. 

661. Teriodide of Nitrogen is prepared by triturating 
iodine with common liquid ammonia, allowing the mixture to 
remain for 24 hours. Ammonia is composed of hydrogen and 
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nitrogen. Part of the iodine combines with the nitrogen, form- 
ing the teriodide, whicli assumes the form of a black powder, 
and another portion, uniting with the hydrogen is converted 
into hydriodic acid, which remains in combination with the 
water of the ammonia. It may be prepared in a small evaporating 
dish, covering it with a small plate or with another evaporating 
dish, and detonated in the same vessel, after pouring off the so- 
lution of hydriodic acid. # A few grains of iodine and a drachm 
or two of ammonia will afford a sufficient quantity to shew its 
detonating properties. 

662. Another mode of preparing this substance consists in 
agitating a saturated alcoholic solution of iodine with aqueous 
ammonia, when it is precipitated as a dark coloured powder, 
which may be covered with pme ammonia before it is used. 

663. The teriodide detonates by slight pressure, or on expo- 
sing it to a moderate heat over a chauffer, its elements being se- 
parated from each other. 

664. The action that takes place between iodine and phos- 
phorus lias been already described (631, 64C). The Periodide 
of Phosphorus consists of two eqs. of phosphorus and five of 
iodine. If it be required in a pure form, the iodine and phos- 
phorus should be mingled in a deep glass-tube, twelve or fifteen 
inches long, after displacing the air by carbonic acid gas. Heat is 
then cautiously applied, after till* materials have been mixed for 
some time. This compound must be carefully excluded from 
the air, as it produces quickly hydriodic and phosphoric acids, 
when the moisture of the air comes jn contact with i^ 

665. Two other compounds of iodine and phosphorus have 

been prepared by the action of phosphorus with smaller quanti- 
ties of iodine. « 

666. Iodide of Sulphur is prepared tv mixing iodine and 
sulphur, and exposing thbm to a gentle heat. 

667. Chloriodic Acid or £hloride of Iodine is the name 
given to a compound of chlorine and iodine ^discovered by Sir 
II. Davy. It is prepared by admitting chlorine into an ex- 
hausted flask containing a fixed quantity of iodine. 

668. Compounds of iodine aud carbon have been formed by the 
reaction of solutions of potassa and iodine in alcohol, the carbon 
arising from the decomposition of the alcohol. 
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CHAPTER XL— BROMINE. 

St/ mb. Br. Eq, by IT. 7&4; Sjt. qr. of liquid Bromine , 3. 

66JJ. Bromine was discovered only a few years ago by Mr 
Bahml. It is obtained by passing a stream of chlorine through 
bittern (the liquid that remains after boiling down sea-water to 
prepare common salt), and exposing it afterwards to heat in a 
retort, when bromine is separated ip vapour, and may be con- 
densed in a receiver. A few ounces of bittern arc* sufficient to 
shew this process for the preparation of bromine, though little 
more than a grain or twcf is obtained. In preparing the* liquid, 
the chlorine must be transmitted through the bittern till the 
orange colour which it acquires ceases to become deeper. x The 
chlorine which can be procured from 200 to 300 grains of the 
binoxide of manganese will be quite sufficient for passing through 
tive or six ounces of bittern. r 

670. Bittern consists principally of sulpliates and hydrochlo- 
rates of soda and magnesia, with a small quantity of the hydro- 
bromate of magnesia, a compound of hydrobromic acid and mag- 
nesia. The hydrobromic acid is composed of hydrogen and bro- 
mine, and when the chlorine is Transmitted through the bittern, 
it combines with the hydrogen and disengages the bromine, 
which imparts a yellow colour to the liquid. The vapoiu* of 
the bromide has a deep raddislf-brown colour, bearing a great 
resemblance to nitrous acid vapour, and condenses into a very 
dark coloured liquid. 

671. If Sulphuric ejher be # shaken with the bittern after the 
chlorine has been passed through it, the ether dissolves the bro- 
mine ; and when it is left at rest, the solution of bromine in 
ether collects at the top, having a very rich hyacinthine colour. 
On digesting it \yth a strong solution of potassa, two new salts 
are formed, the bromate and hyflrobromate of potassa ; the latter 
is obtained in cubical crystals by evaporation, and on mixing it 
with binoxide of manganese and sulphuric acid in a glsiss-retort, 
the bromine is disengaged by the application of heat. For this 
process, at least two or three pounds of bittern should be em- 
ployed. 
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672. In the second process, the bromate and hydrobromate 
of potassa are formed by one portion of the bromine combining 
with the oxygen, and another with the hydrogen of a portion of 
water which is decomposed. When the hydrobromate is after- 
wards mixed with sulphuric acid and binoxide of manganese, 
sulphates of potassa and manganese are formed, oxygen gas be- 
ing disengaged, which takes hydrogen from the liydrobromic 
acid eliminated at the same time, while the bromine which is 
set at liberty is collected in flie receiver. 

673. Many other processes have been proposed, for the pre- 
paration of bromine, analogous to those adopted for the separa- 
tion of chlorine and iodine from their compounds. 

074. Bromine is the oidy elementary substance that is li- 
quid at natural temperatures, with tho exception of mercury. 
Its present appellation is derived from its disagreeable odour. 
(pgwfLos, fu tar.) In all its chemical relations it hears a great 
resemblance to chlorine and iodine, and its compounds are 
analogous to those which they form with the same bases ; they 
may be prepared in the same*, way. For a more particular 
account of its properties, I must refer to the different scientific 
journals. 


CHAP. XII — kjLUORINE. 

Symb. F. Eq. by W. 18.7. 

♦ * 

675. The existence of a peculiar elementary substance in the 
mineral commonly known by the name of Derbyshire spar is 
admitted by all chemists, and of late it has, been prepiVred in an 
uncomhincd form, but not in such a state of purity as, to admit 
of its properties being accurately determined. It w’as separated 
from its combinations by different processes, one of the most 
successful of which consisted in heating fluoride of calcium 
(fluor-spar) and binoxide of manganese with aqueous sulphuric 
acid. The aqueous sulphuric acid and the binoxide produce 
sulphate of manganese and oxygen, (see par. 27, page 11); with 
the fluor spar the sulphuric acid forms sulphate of lime and hy- 
drofluoric acid, in the manner explained in the following sec- 
tion. The liberated oxygen is supposed at the same £ime to 



HYDROFLUORIC ACID. 


206 

attract hydrogen from the hydrofluoric acid, the fluorine being 
thus disengaged. 

676. Fluorine is a gas, of a yellowish colour, with an odour 
similar to chlorine. It destroys vegetable and animal colouring 
matters, and is similar in its general chemical relations to chlo- 
rine, iodine, and bromine. In the last volumes of the Philoso- 
phical Magazine, fhe details of the more recent experiments 
upon fluorine are given. 




Sect. f. — H ydrofluoric Acid. (Fluoric Acid.) 

Si/mb. HF. Eq. bj, W. 10.7(11. 1 + 18.7 F.). Colourless am! t rents- 
parent ; emits copious dense ikhite fumes on exposure to the air. 
Sp. gr. 1.06. • 

677. To prepare hydrofluoric acid, fluor-spar (Derbyshire 
spar) is reduced to a very fine powder, and put into a leaden 
fi k . 161 . retort into which its own weight 

of sulphuric acid has been pre- 
viously poured. The materials 
are mixed together with an iron 
rod, and on applying a moderate 
fyeat by a chauffer, hydrofluoric 
acid is disengaged ; a receiver of 
lead must be used to condense it- 
Instead of a leaden retort of the 
usual shape, an apparatus similar 
to that represented in the annex- 
ed figure will be found more con 
• 9 venient. 

67ft It is composed of a deep leadyn cup, with a rim of lead 
soldered round the top, a small space being left between it and 
the upper part of the cup for filing the head of the apparatus, 
when the materials have been put in. The easiest method of 
proceeding is to fill this intervening space with plaster-of- Paris, 
and put in the cover before it begins to set, taking care to have 
the tube and the bottle receiver, which are us£d along with it, 
properly adjusted at the same time, that it may not be necessary 
to shift it afterwards. The receiver is placed in a jar or basin, 
and siyrounded with ice or very cold water. The heat ought 
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to be cautiously applied ; a very small chauffer is ail that is re- 
quired ; the bottom of the leaden cup is melted by applying too 
great a heat ; and the student ought to examine it occasionally 
with an iron rod, and withdraw the chauffer for a little if he 
should find it beginning to turn soft, or yield much more readily 
than usual to the iron. 

The body of the retort in the apparatiyj which I generally 
use is rather more than # two inches in diameter, and seven an # d 
a half inches deep ; it is supported by an iron* ring resting on 
three iron rods, which are fastened together at the bottom by 
a plate of sheet iron, on which the chauffer is placed. Two, 
three, or four ounces of fluor-spar may be used in it at a time, 
or even more, if it be required. 

679. Till lately, it was considered J>y marry that fluor-spar is 
a compound of dry hydrofluoric acid and lime, ajid, according to 
this view, the dry sulphuric acid in the liquid acid employed 
combines with the lime, and the hydrofluoric acid, uniting with 
the water previously in combination with the sulphuric acid, 
forms the vapour that condenses in the receiver. The more 
common opinion, however, is, that fluor-spar is composed of 
fluorine and calcium, (the metallic base of lime) ; and that the 
water of the sulphuric acid is decomposed, tlieoivgen combining 
with the calcium and forming lime, which remains in combina- 
tion with the sulphuric acid in The leaden cup, while the hydro- 
fluoric acid is formed by the fluorine combining with the hy- 
drogen. 

68G. The greatest caution must taken while experimenting 
with this substance, as its vapours are highly irritating, and it 
acts more violently on animal substances than any of the other 
acids. A single drop falling on the skin instantly destroys the 
part with which it comes in contact, producing a deep ulceration, 
which is not easily cured, and accompanied in some cases with a 
state of febrile irritation whioh has been known to continue for 
months. # 

681. Hydrofluoric acid has alt the properties of a very power- 
ful acid, and is particularly distinguished by its action on silica, 
combining with it, and forming a gaseous compound, which has 
been termed fluosilicic acid. Hence, it cannot be either prepared 
or preserved in glass vessels ; silver and platinum vessels are 
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preferred ; but those made of lead, being* much cheaper, are 
generally employed. 

682. From this property of combining with silica, it is used 
for etching on glass, and it may ,be employed in the gaseous 
state, or the strong acid diluted with four or five parts of water 
may be taken. The surface of the glass is coated in the first 
place with bees’ wax, which is not acted upon by this acid, and 
figures are then traced upon it with a sharp-pointed instrument, 
the wax being removed at the parts desired to be eroded. When 
exposed to the vapour of the acid as it is disengaged from the 
retort, the glass is immediately corroded where the wax has 
been removed, the hydrofluoric acid combining with the silica 
and forming fbiosilicic acid. 

683. On the small seal/ 4 , the experiment mu\ be performed 
by mixing one, two, or three hundred grains of fluor-spar with 
their own weight of sulphuric acid in a small iron cup. .The 
cup is held over the fire till the hydrofluoric acid vapours begin 
to be disengaged, and then the glass is placed over it. covering 
the whole with a wooden or pasteboard box. to prevent the 
vapours from escaping. A little sand poured round the box, 
where it rests on a table or on the ground, prevents in a great 
measure the vapour from annoying the operator, especially if 
moistened afterwards ; Imt all the materials and apparatus used 
should be placed at a ventilator ‘wherever this is practicable. 

684. When the diluted liquid ac id is used, it is poured on the 

coated glass after figures have been traced on it, a small edging 
of wax having been raised qjl round the glass to prevent it from 
running off. The vapour renders the glass rough and less 
transparent than before : but the transparency is not diminished 
when the liquid acid is used. By allowing it to remain on for 
a longer or shorter period, th? lines mav be made more or less 
deep. ‘ * 

685. The great objection to the use of hydrofluoric acid in 
engraving or etching on glass is the inequality of its action, the 
surface of the glass being unequally penetrated. 
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Sect. IT. — Fluoboric Acid. (Terfluoride of Boron.) 

080. This compound is obtained by exposing boracic acid and 
fluor-spar in a tube to a red heat. It may also be procured by 
mixing intimately one part of fused boracic sfcid with twice its* 
weight of fluor-spar (having previously reduced them both to a 
fine powder), and twelve parts of sulphuric acid, in a glass-re- 
tort, heating the mixture by a lamp or chauffer. Half an ounce 
or an ounce of the fused bbraeic acid, with the corresponding 
proportions of fluor-spar and acid, affords a considerable quan- 
tity of the compound. Care m»ist be taken to employ strong 
sulphuric acid in this experiment, otherwise the vapour that is 
disengaged does not form dense white fumes on exposure to the 
air. The common crystallized boracic acid cannot be substi- 
tuted for that which has been fused, from the quantity of water 
which it contains. 

087. Though generally considered at on* time as a compound 
of hydrofluoric and boracic acids, it has of late years been more 
commonly regarded as a compound yf fluorine ami boron. Ac- 
cording to this view, when prepared by .boracic acid and fluor- 
spar, one eq. of boracic acid is entirely decomposed, communi- 
cating three eqs. of oxygen to three of calcium, and producing 
three of lime : these combine probably with three of undecom- 
posed Iconic ic acid, producing tljree of borate of lime. But the 
boron of the decomposed boracic acid, and the three eqs. of 
fluorine disengaged from the calcium, combine and produce flifo- 
lmric acid, which may accordingly be more specifically termed 
Terfluoride of Boron. • • 

Symb. 4:B k 3FCa = 3 (:B Ca) & F’B. • * 

688. In the second process, sulphate of lime being formed 
and hydrofluoric acid disengaged by the reaction of fluor-spar 
and aqueous sulphuric acid, three,eqs. of hydrofluoric acid and 
one of boracic acid produce three of water and one of the ter- 
fluoride of boron. 

Symb. 3HF & !B = 3 H & F 3 B. 

689. Fluoboric acid exists in the gaseous state, and is largely 
absorbed by water, which condenses 700 times its volume of 
this gas, and acquires a specific gravity of 1.77. So great is its 
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affinity for water, that it abstracts it from all gases containing 
any ; it thus forms very dense white fumes when allowed to mix 
with atmospheric air. 


Sect. III. — Fluosilicic Gas. 

\ 

Sj/. or. 3.61 l. Weight of \0Q?cubic inches 1 10.13 pro ins. 

690. This compound has been frequently alluded to in this 

chapter, and is procured by the action of silica and hydrofluoric 
acid. It is a permanent gas at natural temperatures and under 
the usual pressure. , 

691. It is usually obtained by mixing intimately and heating 
one part of pounded glass with an equal weight of fluor-spar and 
two parts of sulphuric acid, the hydrofluoric acid disengaged by 
the action of the sulphuric acid on the fluor-spar reacting with 
the silica of the glass, and forming the thio.dlicio gas. The mix- 
ture may be heated \>y a smafl lump or chauffer in a common 
glass-retort. After a retort has been used three or four times, 
it is in general so much corroded by the action of part of the 
hydrofluoric* acid, whicj) takes siliea from the glass of the retort, 
that it is apt to give way should it again be employed for the 
same operation. 

692. It must he collected in jars over mercury, as it is decom- 
posed by water. By the action # of the latter fluid ahuut„u third 
part of file silica is deposited, while the whole of the hydro- 
flfioric acid and the remaining two-thirds of the siliea are dis- 
solved. Water can condense in this manner 365 times its 
volume of fluosilicic'acid gar. — (Dr J. Davy.) 

698. A singular appearance is presented when the beak of a 
retort, from which fluosilicic gas is escaping, is introduced into 
a basin or pneumatic trough filled with water. Each globule of 
the gas, the moftieiit it comes Jn contact with the water, assumes 
the appearance of a vesicle, or thin membranous bag filled with 
air, rising through the fluid, and floating afterwards on its sur- 
face, quite distinct, for some time at least, from the remainder 
of the gas. This arises from a coating of silica being deposited 
on the external surface of. the globule, which protects the inte- 
rior portions from the further action of the water. Small tubes 
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may also be seen at the beak of the retort, produced by the de- 
position of silica from each bubble of gas as it escapes. These 
are sometimes continued to the surface of the water, but more 
frequently give way from time to time, from the impulse of a 
fresh portion of gas when they have become closed by an accu- 
mulation of silica. 

bil l. Fluosilicic acid gas is extremely pungpnt and irritating. 
It does not corrode 1 dry {{lass vessels, cannot support combus- 
tion, and forms white fumes with air containing watery vapour. 

According to the most recent investigations, this sub- 
stance lias been termed tcrfjuoride of silicum, being regarded as 
a compound of three eqs. of fluorine and one of silica. It is still, 
however, frequently referred to as a compound of hydrofluoric 
acid and silica. 
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CLASS II. 


METALS, AM) THEIlt COMBINATIONS WITH NON 
METALLIC SUBSTANCES AND WITH ONE 
ANOTHER. 


ORDER I. — KALIGENOUS METALS. 


CHAP. I — POTjASSIUM (OK KALIIJM.) 

■ 

Synth. K. Kq. hy IV. 39.2; s/>. i/r. 0.865. At 32, it is hard and 
brittle , becomes soft and malleable at 5(P, quite fluid at 150 ; re- 
sembling mercury , and is rolutilhed below a red heat. 

• • # 

696. Potassium was discovered hy Sir H. Davy, who obtained 
it fiy exposing the hydrate of potassa to the action of galvanism 
between tovo discs of platinum. Oxygen appears at the posi- 
tive surface, and minute metallic globules of potassium at the 
negative, arising from the decomposition of the potassa. which 
is composed of oxygen and potassium. The potassa is not acted 
upon when perfectly dry, being a very imperfect conductor of 
the galvanic fluid while in this condition ; but it soon attracts a 
little moisture from the air, and is then decomposed. The 
water is decomposed at the same time, the oxygen being dis- 
engaged at the positive pole along with the oxygen of the potassa, 
and the hydrogen at the negative pole along with the potassium. 
A galvanic battery of 200*pairs of plates is quite sufficient to 



PREPARATION OF POTASSIUM. 21:] 

shew these globules, but only a very minute portion of potas- 
sium ean be procured in this manner. 

097. Gay-Lussac anil Thenard prepared it by fusing the 
hydrate of potassa, and causing it to flow over iron-turnings 
heated to whiteness in a gun-barrel. The oxygen of the po- 
tassa combines with the iron, and the potassium is at the same 
time volatilized, and may be condensed in a receiver connected 
with the gun-barrel. • # 

•098. The process by which it is procured most easily is by 
distillation from a mixture of potassa or carbonate of potassa 
and charcoal.* This process was pointed out by Curaudau, and 
afterwards improved by Brunner and Wohler. 

099. 'The mixture of charcoal and potassa is prepared most 
easily by exposing six or seven pounds ftf cream of tartar (crude 
tartar may be used) to a red heat, in large earthen or iron cru- 
cible;*. till no more gas is disengaged. The gases that are dis- 
engaged arise from the complete decomposition of the tartaric 
acid, its oxygen and hydrogen abstracting part of its carbon, and 
coining away in the form of carbonic acid* carbonic oxide, and 
inflammable compounds of carbon and hydrogen. Part of the 
carbonic acid remains in combination with the pptassa, forming 
carbonate of potassa, with w hich the remainder of the carbon of 
the tartaric acid is mixed. Tin* residuum is to be reduced to 
powder in a mortar whenever it has become cold, and transfer- 
red immediately to the apparatus, that it may not attract water 
from the air. 

• • 

700. Brunner states that wdien tlnf tartar is mixed tvitli j^th 

of its weight of charcoal, a larger quantity of potassium is ob- 
tained. This additional quantity of charcoal is useful also in 
preventing the fusion of the carlmnate o£ potassa at the high 
temperature to which it i* afterw ards exposed. • • 

701. The mixture may be formed in the iron bottle in which 

the potassium is to he prepared, by heating it slowly to dull 
redness, till a blue flame appears. # * 

702. I have frequently used an iron-pot (made of the best 
malleable iron), of the form represented in the following figure, 
about 12 inches long and 5 or 6 in diameter ; the iron should be 

• Quarterly Journal of Seiem-e, vols. xv. ly id xxii. ; or Bib. Univ. xxi. and 
Animlos dcs Minos, xii. % 
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at least fths of an inch thick. The top is turned 
a little outwards, and a lid of the same metal and 
about the same thickness fitted accurately to it. 
The lid is secured in its place by an iron-rod, which 
is passed through two holes in the upper part of 
the opposite sides of the pot, where they are made 
to project for this purpose. An opening at one 
side of the lid admits a '.vide bent gun-barrel, in- 
tended to convey the potassium to a receiver. 

708. The -iron-pot should be luted before it is used, as it is 
apt to be softened, or at least corroded by the action of the 
air at a high temperature, when jiot protected in this man- 
ner. The best method is, in {lie first place, to bind the iron 
vessel round on .every s'tde with iron-wire, and cover it after- 
wards, to the' depth of a quarter of an inch, with a still* lute, 
made of Stourbridge clay*, with about a fifteenth part ofi iron- 
filings and charcoal; using no more water than i.s necessary to 
allow it to be easily worked, and mixing all the materials with a 
little thread cut into,small pieces not more than an inch long, 
before adding the water. 'This is to he bound round again uith 
iron-wire, and^the whole then rubbed over with an additional 
quantity of lute. 

704. The lower part of the iron-pot is easily covered with 
wire by providing a number of pieces a little longer than is ne- 
cessary to go round both sides and the bottom of the iron-pot, 
bending them in the form of the letter U, and putting a thick 
piece of the lute on the bottom* of the iron-pot, that they may 
betkept in their place till they have been fixed by the wire which 
is then wound round its sides. The mouth of the pot must he 
turned dSwnwards all this time. When it has been inverted, 
and the materials put in, the finger drawn round the edge of 
the lid with a little common clay, which prevents the lid adher- 
ing to the body of the iron vessel when it is at a high tempera- 
ture. The lid vs fixed in its place by the iron-rod, which is 
passed above it through the rings that project from the top of 
the iron-pot; a small piece of scrap-iron, such as the end of a 
broken chisel, is hammered in between the rod and the lid, to 
make it fit closely. 

• The f covnmon fire-clay found in the vicinity of Edinburgh docs very well. 
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705. The bent gun-barrel, luted in the same manner as the 
iron -pot where it is to be exposed to the fire, is then introduced, 
and the ends of the iron-wire, still projecting over the top of 
the pot, are turned in over the lid and properly luted, taking 
care to protect the whole of the apparatus. If the furnace do 
not admit of the tube and the rest of the apparatus being put 
in together, it will be necessary to place the iron vessel in the 
hirnace before the tube has been put in, and to finish the luting 
there. I have never seen this lute fail when properly put on, 
though the apparatus may have been used immediately after- 
wards ; it is better, however, to allow it previously to dry a day 
or two before the fire, filling up any cracks that may be observed 
then with a fresh quantity of lute. 

70li. The iron-retort is p bleed ahpve a piece of fire-brick 
resting on the bramlers of the furnace, and tyced to it with 
som^i fire- el un . The body of the furnace I use for an apparatus 
of the size described, is about 18 inches long, 15 broad, and 
18 deep : the walls may be from 5. to 10 inches thick, and 
tlie Hue rising from it 0 inchest square (internal diameter), and 
Fi «- mb. carried up about fifteen feet ; 



in convenient situations it may 
bif connected Tvitli a common 
flue. ■See the adjoining figure 
(163). The upper part of the 
furnace is covered by a flat 
cast-iron plate about f-ths of 
an .inch thick, and Jiaving an 
opening in the centre through 
which fuel is introduced. A 
moveable cover of# the same 
metal is fitted to the opening, 
and secured by an iron-bolt 
passing tlirough a hole bored in 
it and in the,plate ; this allows 


us to sec very conveniently tin? state of the apparatus within 
the furnace. An opening is made at one side on a level with 


the branders, to allow the fire to be withdrawn whenever it 


may be necessary ; it is constructed in such a manner that it 
may he easily closed up with a brick and a little mortar, which 
may be removed again with the same facility. A door is also 
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placed below to regulate the admission of the air, and a damper 
in the vent to diminish the draught if this should be necessary. 
The aperture in the side of the furnace for the gun-barrel must 
not be forgotten. 

707. After every thing has been properly adjusted, the tire 
may be put on. A little water comes away when the apparatus 
becomes red-hot ; soon after, carbonic oxide gas is evolved ; and 
When it is at a white heat, a very de^se vapour is disengaged, 
which burns with a rich purplish dame. The receiver intended 
to condense the potassium may then be fixed to the extremity 
of the gun-fiarrel without the furnace, wrapping round the 
joining pieces of cloth besmeared with some resinous cement. 

708. The receiver recommended by Berzelius, which should 
be kept cold by ice, is about a foot high, six inches long, one anil 
a half broad, njade of copper or sheet iron, and composed of two 
separate pieces, which are represented in Figures 104 am\ 105. 

rig, ifit. The first (Fig. 104) is open at the bottom and 
j/l close at the top, divided in the middle by a 

Xp ^ jo ij) partition (n) with a small hole in it, and pru- 
videdVith three openings, — one for connecting 
J it with the gun-barrel ; another (usually closed 

) — 7 'by a plug)* immediately opposite this for the 

^ Y introduction of an iron rod or blade, to clear 

the gun-barrel when it begins to be closed up by a black matter 
collecting in it ; and another for carrying off the gas that is 
disengaged, by a glass-tube ( 6 ), which allows us to judge how 
the process is going on. 'Hie extremity of this tube dips into 
naphtha. 

tO 9. The other piece (Fig. 1G5) is filled half full of naphtha, 
Fiar. i«. t. and made of such a size that the upper one shall 
/ ^/ r fit accurately to it, and not pass into it without 

i some degree of friction. The receiver must he kept 
i quite cold by ice oe very cold water ; the most of 

J. y th^ potassium is deposited before the gas that 

comes along with it escapes by the glass-tube. 
710. In Wohler's process, the iron-pot is placed horizontally. 
In the upright position, the tube is not so apt to be filled up 
with the carbonaceous and other matters carried over during 
the distillation. In no case have I found any obstruction to 




PREPARATION OF POTASSIUM. 217 

take place in the bent part of the tube, when placed so as to be 
within the furnace. 

711. A plain wrought-iron bottle may be used instead of the 

preceding apparatus ; and to ‘those who may not be much ac- 
customed to chemical experiments, it will be more convenient 
to proceed in the iiianner illustrated by the accompanying 
figure, 106. » # 

712. Take a stout i/on-Jt)ottle such as is used for holding 

mercury, and lute it in the manner described (703). Introduce 
the cream of tartar and charcoal, intimately mingled, and give 
it a dull red heat till the flame loses the brilliant yellow tint 
that at first appears. Examine the luting ; fill up the crevices 
with more lute ; attach the tijbe, having luted it in the same 
manner as the iron-bottle where it is? exposed to the fire, and 
then proceed as in paragraph 706, &c. • 



In the above figure, % a represents the materials. which af- 
ford the potassium, b the connecting tube, c and d the position 
of the naphtha in the receive?, when divided unequally by the 
gas loaded with potassium pressing the large? portion to d. h 
is the freezing mixture surrounding the receiver, and e the tube 
by which the gas escapes after the potassium has condensed in 
the receiver ; .r the aperture in the receiver by which the tube 
b is cleared ; m and n are two parts of the wall of the furnace, 
which are closed only in a temporary manner, one (w») being re- 
quired for the adjustment of the connecting tube, and (w) the 
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other being thrown open for the rapid removal of the fuel when 
the heat is withdrawn. 

713. The figure below (1(37) represents the apparatus with the 
iron-blade introduced into the connecting tube, so as to clear it 
when it becomes obstructed with potassium. It must be very 
stout, and should be turned within the tube, steadily and cau- 
tiously, the hand lyung defended by a broad fiat iron shield. It 
is represented in Figure 1(38. 

714. A straight iron-rod is used instead of a blade when the 
obstruction is great, and a pick, Fig. 169, may also be used with 
advantage. The fire should at once be withdrawn when the 
obstruction in the tube cannot be overcome. 

Fi{. 16 H. 



715. When the gas begins to he disengaged slowly, this 
arises in general from the tube being so' obstructed as to pre- 
vent it from passing out readily ; the plug is then taken out, 
and the obstructing matter removed as completely as possible, 
b returning round the flattened iron blade within the tube : but 
if the gas does not appear then to increase in quantity, it will 
be better Vo withdraw the fire and allow the apparatus to cool. 
Too lpuch caution cannot be taken in endeavouring to clear the 
tube either during the distillation or’ after the apparatus has 
been allowed to cool, for the tube being frequently obstructed 
while the materials are at a high temperature and still produc- 
ing gas, it is obvious that a large quantity must be accumulated 
in a short time, and the moment the impediment to its free 
passage is removed, it often expands with explosive violence, 
and gives rise occasionally to serious accidents. 

716. On one occasion when the apparatus had not been 
touched till 36 hours after the fire had been withdrawn, on tap- 
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ping the gun-barrel to remove it more easily, a very violent ex- 
plosion took place, partly owing to the sudden escape of gas 
condensed within it, and partly to the action of a peculiar deto- 
nating compound which is formed within the tube, small quan- 
tities of which were found in almost every part of the room, and 
exploded with very little friction. 

717. The operator ought accordingly always to be protected 
in the most complete nymner, and never be without a mask* ; 
processes like this also should be excluded from class-rooms, 
where there is not an experienced assistant to give them that 
constant and undivided attention which they require. 

718. Occasionally, too, when the tube becomes completely 
obstructed, I have seen the vapours of potassium forced through 
between the lid and the top oi’ the iren vessel, burning with a 
rich violet-coloured flame, easily distinguished J>y its beautiful 
cohtnr from the dame produced by the combustion of the fuel. 
The tire must he withdrawn immediately whenever this ap- 
pears. 

719. Common carbonate of potassa mixed with charcoal, was 
frequently tried, after it had been fused to dry it as completely 
as possible, but the calcined cream of tartar mixed with carbon 
is preferred, as the potassa is obtatnod in this manner more in- 
timately mixed with the carbon of the decomposed tartaric acid. 
When a mixture of charcoal and iron turnings was employed, a 
higher temperature appeared to be necessary to disengage the 
potassium, and a smaller product was obtained. 

72d. The potassium collect* principally in the fir^t division 
of the receiver, part of it is deposited in the second, and a small 
quantity is sometimes found in the jar of naphtha in which the 
extremity of the tube a is placed^ It is # never perfectly pure, 
being always mixed with a small portion of carbon;, I have 
often found the purest part of the potassium lining the gun- 
barrel before it has entered the receiver. 

721. It is usually recommended to purify potassium by dis- 
tillation in a common glass-retort, but, on trying this operation, 
it will be found that the temperature required for the volatili- 
zation of the potassium generally enables it to decompose the 
glass, which is often completely destroyed, when a considerable 
proportion of the potassium is lost v A green glass-retort is less 
apt to he destroyed, or foreign white glass-retorts may be used. 
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some of which contain no lead, and can bear as high a tempera- 
ture as the green glass-retorts made in this country. It will, 
perhaps, "be better always to distill from a small iron vessel or 
tube retort heated by a chauffer. • 

722. In condensing potassium in the receiver, naphtha is the 
liquid that must be employed, as potassium can decompose every 
fjuid which contain* even a minute quantity of oxygen, combin- 
ing with it and forming potassa. The* same fluid must also be 
employed to preserve the, potassium, that it may not be oxidated 
by the air. The naphtha used for this purpose should be se- 
lected with great care, as it is often met with of inferior quality, 
and so largely charged with moisture, or with oxygen, that the 
potassium is quickly oxidated by it. 

723. Should it pe required merely to illustrate the principle 
on which potassium is procured by distillation, a piece of gun- 
barrel closed at one extremity, and about 14 inches long, may 
be coated with tine clay and iron-wire in the manner described. 
Then till it to the depth of about 3 inches with the proper ma- 
terials (see 699), and pitroduce <he close and coated extremity 
into a furnace, so that it shall lie horizontally in the same man- 
ner as the tube represented in the chauffer, Fig. 108, page 115. 
A common bricit-furnace, or* one of Black’s furnaces, Fig. 1 1, 
page 7, may be used for this purpose. When the gun-barrel 
is sufficiently heated, the potassium is disengaged along with 
much inflammable gas, which burns with the characteristic co- 
loured flame. 

724. The leading character of potassium is the great affinity 
which it has for oxygen. Cut a small portion of potassium with 
a pen-knife, so as to observe its brilliant metallic lustre, and 
how speedi'/y it attracts oxyge;i from the air, a white crust (po- 
tassa) gathering immediately upon its surface. 

725. 'l ake a small piece of potassium, about a grain, remove 
the naphtha adhering to it by blotting-paper, and place it with 
a pair of pincers <hi a piece of red-hot iron. It will immedi- 
ately take tire, combining with the oxygen of the air, and being 
converted into peroxide of potassium. 

726. Put another piece into a brass or copper cup (Fig. 73, 
page 50) already at a high temperature, and introduce it tin* 
moment it is inflamed into a^jar or bottle of oxygen gas, when 
it will burn more brilliantly than before. r i brow a little water 
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on the orange-coloured matter that remains after either of these 
experiments ; part of its oxygen is disengaged with efferves- 
cence, and potassa remains in solution. On pouring the solu- 
tion into a little of the infusion of red cabbage, it will imme- 
diately become green ; potassa turning the vegetable blues to a 
green. 

727. Throw a few pieces of potassium Vnto a basin full of 
water ; one portion of it* immediately combines w r ith the oxy- 
gen of part of the water which is decqjn posed, forming potassa, 
while the other, uniting with the hydrogen, forjns a very in- 
flammable gas, — potassurqted hydrogen, which takes fire as it 
is disengaged, and is converted into potassa and water. The 
potassium rolls along the surface of the water till the whole of 
it is oxidated, burning with a rich rose-coloured flame, and 
producing a very beautiful appearance. In performing this ex- 
periment, the operator must stand at a little distance, as at the 
instant that the potassium ceases to burn on the surface of the 
water, sparks of caustic potassa are often thrown about, in con- 
sequence of the action of the water on % tlie glojmle of melted 
potassa. 

728. Put another piece of potassium on a mass of ice ; the 
same action takes place, and a similar light is produced. Great 
care must he taken in performing this experiment, as the po- 
tassium is apt to act violently upon the ice, and is sometimes 
thrown in fragments to a considerable distance. 

72l>. Take a piece of potassium (about a grain), wrap it up 
in a small piece of paper, and introduce it quickly into a glass 
test-tube inverted under water and full of this fluid. It >yill 
immediately rise to the top, and the moment the water reaches 
it through the paper, part of it will be decomposed, the oxygen 
combining with the potassium, and forming potassa % wljile an 
equivalent portion of hydrogen gas is found in the tube, and 
may he inflamed by applying a’ lighted match in the usual way. 

730. Take a small piece of potassium (about a quarter of a 
grain), anti allow it to fall into a' little sulphuric acid placed in 
a tumbler, or, what is better, in the bottom of a jar three or 
four inches in diameter and about ten or twelve deep. The 
potassium immediately attracts a portion of oxygen, and be- 
comes potassa, with which tlfe sulphuric acid immediately com- 
bines. Heat and light are at the same time produced. The 
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student must take care to avoid any sparks of sulphuric acid 
that may be thrown out. 

731. Fut two grains of iodine into a common test-tube about 
four or five inches long, throw a grain of potassium upon them, 
and hold the sealed extremity of the tube for a second or two 
in the flame of a spirit-lamp. The iodine and potassium im- 
mediately combine^ a brilliant light is at the same time per- 
ceived, and the tube is broken. A •glove should be put on 
when performing this experiment, and the mouth of the tube 
turned away from the operator. 

732. Take another tube of the same size, ami proceed in the 
same manner with half a grain of sulphur and a grain of po- 
tassium. Sulpliurct of potassium is formed, heat and light are 
evolved, and the .tube ^‘generally broken. In both eases, the 
heat and light arc produced independently of the action of the air. 

733. Take three or four grains of potassium, put themuinto 
a suspended metallic cup, Fig. 73. page 50, and after heating it 
for a short time in the fiame of a spirit-lamp, introduce it into 
a vase or botjle containing about twelve or eighteen cubic 
inches of hydrosulphurie acid gas. The potassium in this ease 
also is converted into a sulpliurct, and the usual phenomena of 
combustion are seen : the hydrogen gas is disengaged. 


Sect I. — Potassa ok Potasii. 

Sijnib. OK e or K. Eq. by W. 47-2 (oxygen 8 + 30.2 potass turn)’ 
V?ry soluble in water and in alcohol. The Hydrate (Synth. 
HK ) fuses before it is heated to redness . 

- 

734 * Very pure potassa is obtained when potassium is exposed 
to the action of air or water, as in any of the preceding experi- 
ments ; the expense of this process, however, must always pre- 
clude its being adopted for ordinary purposes. 

735. 'Fbe common process for obtaining potassa consists in 
first preparing a solution of it from the carbonate, and then 
evaporating the solution to dryness to expel the water, in a silver 
or iron basin carefully protected from the air, urging the heat 
afterwards till the dry mass, is fused and begins to flow like oil. 

736. To prepare the solution of potassa, carbonate of potassa 
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may bo dissolved in ten times its weight of water. The solu- 
tion is then decanted, mixed with a quantity of newly slaked 
lime equal in weight to the carbonate employed, boiled for a 
few minutes, and then filtered to separate the solution of potassa 
that is procured from the carbonate of lime with which it is 
mixed. 

737. According to Liebig, lime does not remove carbonic acifl 
trom the carbonate of potassa, unless it be dissolved in more 
than four parts of water. 

738. On the small scale, the throat of the funnel is obstructed 
by a glass-stopper or a piece of quartz, covering it closely with 
a piece of linen to prevent any lime passing through with the 
clear solution. As potassa speedily attracts carbonic acid from 
the air, and becomes carbonated, the Solution .must be protected 
from the air as much as possible during the operation. The 

k, k best method of effecting this is, by using a funnel with 

^ a naiTOW mouth, which may he easily closed by a cork 

( ih J or sto PP er > «nd putting a small tube through the throat 

^ JLX of the funnel, placing pieces of-spiartz or broken glass 
round it, and covering it with linen, so that while the 
, w « solution of potassa is dropping into tjie bottle below, 

I air passes through the tu1)0 at the same time from the 

lower to the upper vessel, and supplies its place. Thus 
the potassa comes in contact with no more air than that in the 
apparatus. This ingenious method was proposed by Dr Dun- 
can (J)ispensatory), and is an excellent substitute for a more 
complicated apparatus. When a common funnel ^employed, 
it should he covered with a plate or tin trav, and a towel thrown 
over the whole. 

730. All the solution of potass»is not obtained in tfiis manner, 
as a considerable portion of it adheres mechanically to the lime. 
To procure the remainder, a small quantity of water is poured 
carefully on the top of what is left in the funnel after it has 
ceased to drop ; the water presses upon the pdtassa still diffused 
through the mass, and causes it to pass slowly into the receiver 
below. This is continued till a quantity of liquid is obtained 
equal to five or six times the weight of the salt employed. It 
must be kept in glass-bottles with good stopples. 

740. In this process, the lime, Jhaving a greater affinity for 
carbonic acid than potassa has, abstracts the carbonic acid, car- 
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bonate of lime being formed, which is insoluble and remains in 
the funnel, while the potassa passes through in solution. It is 
impossible in this manner to remove the carbonic acid com- 
pletely from the potassa ; it is sufficiently pure, however, for 
many chemical purposes, when the precautions which have been 
mentioned are carefully attended to. (See par. 748.) 
f 741. If the solution contain little carbonic acid, it gives a 
very slight precipitate with lime wp,tet% and scarcely presents 
any appearance of effervescence with sulphuric acid. If it be 
free from limp (which is occasionally present), it will not be 
rendered turbid on blowing through it. with a bent tube. 

742. It is from this solution that solid potassa is usually 

formed, evaporating it to drvness ( and then fusing the mass that 
remains with a hgat gradually increased till it flows like oil, 
when it may bo poured into moulds or on a plate of iron. It 
should then he brojcen into pieces, and put into a bottle, to 'pre- 
vent it attracting water or carbonic acid from the air. In this 
state it forms the fused potass * ?, or common caustic of the different 
Colleges. , •' 

743. When prepared in a silver vessel, it is usually of a white 
or greyish-white colour, and free from iron ; but when iron ves- 
sels are used (which should f)c bright and clear), a portion of 
oxide of iron is always mixed with it, giving it a brownish colour, 
and separating from it when it is dissolved in water. Hence 
the origin of the brownish matter which is usually deposited on 
dissolving caustic potassa in water. 

744. Though it is generally termed potassa, or caustic pot- 
ash,, it is in reality a compound of dry potassa and water, one 
equivalent of the alkali retaining in combination one equivalent 
of water, ufnich cannot be separated by exposing it even to a 
temperature far above a red heat. IJydrate of Potassa is 
therefore its proper chemical appellation. It has been found 
also that part of the potassa attracts an additional quantity of 
oxygen during its fusion, and is converted into peroxide of po- 
tassium ; but this is not of any eonsequence in experimenting, 
as the excess of oxygen is again disengaged when it is dissolved 
in water. 

745. Perfectly pure and dry potassa is formed when potassium 
is spread out into thin layers and exposed to the action of the 
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nil*. The hydrate is the compound used for almost all chemical 
purposes. 

746. Expose some hydrate of potassa to the air ; if soon at- 
tracts moisture and becomes fluid, but after absorbing still more 
water, a dry pulverulent substance is formed, the tekhydrate 
of potassa (3*H + -K). 

747. Another compound, containing five 0 (^>. of water and one 
of potassa, has been obtained by exposing a strong solution of 
potassa to intense cold. * 

748. It is obvious that the fused potassa prepared from the 
solution obtained by decomposing the carbonate, must always 
contain any carbonic acid that has not been withdrawn by the 
lime : accordingly, when potassa is required perfectly pure, this 
must he separated. This is .effected by digesting it in strong 
alcohol, which dissolves the potassa, but lcaves # any carbonate 
that yiay f)c mixed with it : the alcohol is afterwards separated 
by distillation. 

74!). Throw some pieces of common fused potassa into a little 
water ; they are speedily dissolved, and considerable heat is pro- 
duced if the quantity of water be not great. The solution has 
a very acrid alkaline taste, even when largely diluted with water. 
It is turbid, from the separation of Oxide of iron* and also effer- 
vesces slightly from the evolution of *a little oxygen, which 
arises from the decomposition of peroxide of potassium mixed 
w itli the potassa. 

750. Pour a little of the solution into a glass of water tinged 
with tfle 1)1 ue infusion of cabbage : it immediately bqcomcs of 
a line green colour, which speedily passes to a yellowish-brown, 
as th^ caustic potassa. especially when the solution is strong, 
completely destroys the vegetable golouring matter. • 

751. Pour some of the solution of potassa. into two glasses of 
water, one coloured by an infusion of turmeric, and the other 
by u solution of litmus. The turmeric immediately becomes 
brown, and the litmus remains unaltered. If the litmus, how- 
ever, should previously have acquired a reddish tint, it will be 
rendered blue, the acid being neutralized by the potassa. 

752. Fill a number of glasses nearly full of water, and drop 
into them small quantities of the solutions of a number of salts, 
as the hvdrochlorate of lime, the sulphate of magnesia, the sul- 
phate of iron, the sulphate of copper, and the acetate of lead. 
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Then drop into each a small quantity of the solution of potassa. 
It combine's with the acid in combination with each salifiable 
base, alb of which is separated, if a sufficient quantity of the al- 
kali be employed ; for potassa, when in solution and at natural 
temperatures, has a much greater affinity for the sulphuric, 
hydrochloric, acetic, and most acids, than the other salifiable 
bases. It gencr^ly forms soluble salts with them, while the 
"bases which it separates are either insoluble, or require a large 
quantity of water for their solutioif, and are thrown down in the 
form of precipitates. * 

753. The # student should perform a number of similar expe- 
riments with the other alkalis, and those earths which are solu- 
ble in water, as he proceeds, till ho*bceomes more familiar with 
the different substances* with w^iiyh they arc incompatible, and 
their general ^'hemical agency. Potassa neutralizes tin* acids, 
forming salts of various kinds, according to the nature <^f the 
acid ; it is incompatible in general with soluble salts of the' earths 
and common metallic oxides, precipitating them from their so- 
lutions, and combining with th« acids previously in combination 
with them ; it decomposes the chloride* and bichloride of mercury 
(calomel, and corrosive sublimate), producing compounds which 
will be deserilfed under mercury, &c. Its solution in wah-r can 
dissolve* a number of metallic oxieffis. He*, need not attend, hnv. - 
ever, to the* minutiae of its action on different bodies, till he 
come to study the different substances themselves. 

754. P ota am with lhm\ or the* milder caustic of the Edinburgh 
and Duljiu College's, is nyule by mixing the solution of^mtassa 
(prepared from the carbonate) with slaked lime in fine powder, 
tifi it becomes of a thick consistence, expelling about two-^hml* 
of the w; ter by evaporat ion. 

755. Potassa is used in medicine as a caustic, and is occa- 
sionally administered internally in calculous diseases. For che- 
mical purposes, it is extensively employed in the arts. It is the* 
basis of comm op soft soap, forms glass with silica, and is m,ed 
in preparing cloths for bleaching, dyeing, &c. It is an import- 
ant analytical reagent. 

756. The tests by which potassa is most easily distinguished 
from soda, the substance for which it is most likely to be mis- 
taken, are the chloride of platinum, tartaric acid, perchloric 
acid, and earbazotie acid! The first gives a vellow-eoloured 
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precipitate (chloride of potassium and platinum) \> ith .salts of 
putnssa when they are sufficiently concentrated, but does not 
affect those of soda. Tartaric acid produces the sparingly soluble 
bitartrate of potassa. Perchloric and carbazotic acids also pro- 
duce with potassa compounds which have little solubility. 

757. The potash or potashes of commerce are obtained by 
digesting the ashes of burned wood in water* to extract the so- 
luble matters which they* contain, and boiling down the liquid 
afterwards to expel the water. They consist principally of the 
carbonate of potassa, with hydrate of potassa and sm # all quantities 
of the sulphate and liydrochlorate of potassa, sulpliurct of potas- 
sium, and earthy substances^. When they are dissolved in water, 
the solution filtered and evaporated to dryness, and the residuum 
exposed to lieat in a reverberatory furnace, stirring it constantly 
at the same time, it is more completely carbonated, and forms 
what t is termed Pearl Ash, from its white colour. A portion of 
alkaline matter may be obtained involution by pouring water 
on the ashes of a wood-fire, and filtering the liquid, which will 
then turn the infusion of red cabbage to green colour. 


Sect. II. — Salts of Potassa; STtlpjiuuet, Chloride, anj> 

Iodide oe Potassium. 

• 

758. In describing the salts of the different alkalis, earths, 

&t\, I shall at the same time consider the sulphurets, chlorides, 
and ioflides of their respective bases, •and other analogous com- 
pounds, when they arc of sufficient interest. • 

759. Nitrate of Potassa, Nitre, or Saltpetre, crystal- 
lizes in six-sided prisms. It is soluble in about 3 parts of water 
at 60°, and in less than its own weight of boiling water.# It is 
volatile when boiled with water, but only very small portions 
escape at a time from its boiling solution. 

700. Add nitric acid to a solution of potass*? or of carbonate 
of potassa, till it is completely neutralized, and evaporate the 
solution that crystals of the nitrate may be formed as it cools. 

761. Nitre is never prepared in this manner, however, for 
use in the arts, as it is an abundant product of nature, ap- 
pearing in the form of an efflorescence on the surface of the 
earth, in tropical countries, as the East Indies. It is also 



228 


XITRATK OK I'OTASSA. 


formed artificially in large (quantities in nitre beds, by mixing 
lime and carbonate? of lime with animal and vegetable sub- 
stances, And exposing them to the air ; the nitrogen of the nitric 
acid which is formed being derived from the animal matter and 
the air, and the oxygen from the same sources. The lime unites 
with the acid as it is produced, and forms nitrate of lime, a salt 
which is easily dissolved by water. On adding carbonate of 
| iotas sa, a double decomposition immediately takes place, nitrate 
of potassa remaining in solution, while carbonate of lime is pre- 
cipitated. 

702. Nitre is always contaminated with common salt (chlo- 
ride of sodium), in the state in which it is usually met with in 
commerce ; and Ituuyh Nitre , that is, nitre in the state in wl.’c'h 
it is imported, is jnixed with a large (quantity of this substance. 
They are in a.<great measure separated from each other by so- 
lution in hot water and crystallization, hut it is very difficult to 
remove every trace of common salt by this qirocess. To illus- 
trate the method of proceeding, dissolve 8 parts of common 
nitre in 12 parts of Jxiiling water, heated in a glass-flask or 
earthen evaporating basin hv a lamp or chauffer. Filter the 
solution, and then set it aside in a. cool place to crystallize. 

70S. Let equal weights orthe crystals procured in this manner 
and of common nitre be dissolved in equal weights of drilled 
water, and add to each an cm pari quantity (a tew drop*) of a so- 
lution of the nitrate of silver. A more copious precipitate ap- 
pears in the solution of the common nitre, for it contains more 
common «nlt. The chlorine, ofle of the elements of thfs salt, 
whenever it meets with silver in solution, unites with it, forming 
a white precipitate. 

7b 1. 11?’ dissolving, the crystals of nitre procured bv the above 
process in another portion of distilled water, and crystallizing 
again, the crystals that are now deposited are still purer than 
those obtained at first ; and in this manner, by a few successive 
crystallizations, mitre may at last he procured almost cntirelv 
free from any trace of common salt. 

705. In each of these eases, the liquid that remains above* the 
crystals is an impure saturated solution of nitre, and on evapo- 
ration. it affords crystals of nitre, which contain more common 
salt than those at first employed. 

7(>6. The amount of common salt in nitre may he estimated 
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by dissolving 100 grains in two ounces of water, and adding 
nitrate of silver so long as any precipitate appears. This is to 
be washed, dried, heated, and weighed ; every 143.8 grains in- 
dicate 59 of common salt in the nitre. 

767. Nitre is easily melted by exposure to heat, and when 
thrown into moulds in this state, so as to have the form of hat 
cakes or round balls, it forms what is sold cinder the name of 
Sal-Puunellk. • 

. 768. Though nitre contains no water of crystallization, a 
portion of the solution from which it crystallizes is generally 
retained between the layers of the crystals. Hence, in preparing 
gunpowder, and other substances where the nitre is required 
extremely dry, the nitre is fusejd previously, that any water may 
be expelled. If the nitre be incautiously heated too much, a 
portion of the acid is decomposed, and the liitr# is also apt to 
bec<nnc deliquescent. Nitre that lias been too much heated 
gives ruddy fumes when moistened with water and then covered 
with aqueous sulphuric acid. If the nitre be pure and uninjured 
by the heat employed to melt ft, the fumes evolved on the ad- 
dition of the sulphuric acid are colourless (771). 

769. Nitre parts easily with oxygen when heated, especially 
if mixed with metals or the simple inflammables. In tin* arts, 
it is used principally for the preparation of nitric aeid and gun- 
powder, and a number of fulminating and deflagrating com- 
pounds. 

770. Nitre is used for the preparation of oxygen, or for oxi- 
dating a number of substances, and* occasionally for producing 
cold ; the temperature falls about 15 degrees, when nitre is dis- 
solved in about five times its weight of water. 

771. Take 200 grains of nitiio, expose them to heat in a. 
Ilessian crucible, placed # in a common tire, and pour half of the 
liquid mass on a dry iron plate as soon as it has been melted. Heat 
the remainder in the fire, and keep it in a state of gentle ebul- 
lition for 15 or 20 minutes, after which pour ft out on the iron 
plate, taking care* that it does not mix with the former portion. 
Then take a few fragments of each, put them into separate* 
glasses, moisten them with a few drops of water, and pour a 
little strong sulphuric aeid on them. This aciel unites at once 
with part of the potassa in both cases. Hut nothing is disen- 
gaged from the nitre which has hee*n merely melted, except a 
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little nitric acid vapour ; while in the other instance, nitrous 
;e*id vapours immediately appear, much of the nitric acid having 
been decomposed, and nitrite or hyponitritc of potassa being 
left. 

772. Mix intimately 300 grains of nitre, GO of charcoal, and 
40 of sulphur, previously reduced to a fiue powder. These are 
tjie proportions of •litre, charcoal, and sulphur in some of the 
best kinds of shooting powder ; und # though the mixture cannot 
he made to have the sanje ap])eararice as ordinary gunpowder 
without appropriate machinery, it will be found to deflagrate 
somewhat in the same manner, on applying a light ; hut not 
with that quick and sharp detonation which is observed only in 
gunpowder that has been property manufactured. 

773. The port-lire ust*l for bring artillery is made of three 
parts of nitre, t«vo of sulphur, and one of gunpowder, well mixed 
and rammed in cases ; a small quantity of materials will hi 
sufficient to shew the appearance which it presents on burning. 

77 J . Signal lights arc generally composed of nitre and sulphur, 
with a small quantity of some* metallic sulphurct, as that of 
arsenic or antimony. Mix GOO grains of nitre with 200 of sul- 
phur and 100 of the yellow sulpluirct of arsenic ; put the mix- 
ture into a cone of paper, an?! touch it (out of doors or under a 
large chimney) with a red-hot iron ; it deflagrates rapidly with 
:• brilliant white light. 

775. Mix 100 or 200 grains of the sulphurct of antimony with 
the same proportions of nitre and sulphur, and inflame the mix- 
ture in tlft* same manner. • It deflagrates immediately, with a 
v i vw I light which has a bluish tinge. 

770. Sulphate of Potassa crystallizes in six-sided prisms 
tennin.iteif by six -sick'd pyramids, which do not contain anv 
water uf crystallization, and are soluble in sixteen parts of cold 
and in five of boiling water. 

777. This salt is easily obtained from the residuum of the 
distillation of nitric acid (189, # &c.) ; dissolving it in water and 
adding carbonate of potassa till the excess of acid is completely 
neutralized. The solution is then evaporated till a pellicle ap- 
pears on the surface, and small crystals of the sulphate are de- 
posited on cooling. Carbonate of lime is occasionally employed, 
instead of carbonate of potassa, to remove the excess of acid, 
continuing to add it to the solution of the supersulphate as long 
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as any effervescence takes place. The following diagram shews 
the action that takes place, supposing all the potassa to he in 
the state of bisulphate, and carbonate of lime to be enlployed. 


lfrfo re I )eco m position. 


Fig. 171. 


ijler Ihcont position. 


127.4 Bisulpbatc 


( Potassa. 


.47 2 ..87.3 Bulnhate of Potassa. 

“otfouZ'™ {Sulphuric Acid 40.1 ' , 

° tJoUSsa ( Sulphuric Acid 40.1. * 

50.62 Carbonate* ] Carbonic A*ciil.^2.12.„T^.w. 22.12 Carbonic Aci<l. 

ol‘ Lime (Lime 28.5 !!T^v.68.8 Sulphate of Lime. 


Symb. 25S F K & :C *Ca~ 58 K & 58 Ca & :C. 


Most of the sulphate of lime remains undissolved, the carbonic 
acid is expelled with effervescence, and the neutral sulphate of 
potassa is obtained in solution 7 . On the small scale, it will he 
much better to employ carbonate of potassa, as it saves the 
trouble of filtering the solution to separate it from the sulphate 
of lime, and no sulphate of lime is present to interfere with the 
crystallization. 

778. Binaqueous Bisulphajte of Potassa. If the bisul- 
phate of potassa, such as remains after preparing nitric acid 
from nitre with two cqs. of sulphuric acid, be dissolved, and the 
solution set aside for crystallization, it is resolved into sulphate 
of potassa and super-salts. It lias accordingly been recom- 
mended, when crystallized bisulpliatc of potassa is required, to 
boil two pounds of the above salt, with one of* aqueous sulphuric 
acid, and four pints of water. The solution that remains, after 
crystallizing, is extremely acid. , t 

771). The Sulphas Potassa 9 cum Sulphur e of the Edinburgh Col- 
lege is prepared by throwing equal weights of nitre and sulpliur 
into a red-hot crucible ; the sulphur reacts on the ox;jgen of the 
nitre, and forms a compound, the precise composition of which 
is still undetermined ; hilt it is very different from a mere mix- 
ture of sulphate of potassa and* sulphur. It probably contains 
a little sulphate with hyposulphite and sulphi^ of potassa, and 
sulphurot of potassium. * 

780. A number of compounds of sulphur and potassium have 
been described, the most important of which is the Sulphukkt 
of Potassium. It is usually prepared by decomposing the sul- 
phate of potassa by charcoal : the sulphate is reduced to a very 
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fine powder, mixed with about a fourth part of charcoal also in 
fine powder, and the mixture is then exposed to a strong heat 
in a furrftiee. Carbonic oxide and carbonic acid gases are dis- 
engaged, the oxygen both of the sulphuric acid and of the potassa 
combining with the carbon, while the sulphur of the acid and 
the potassium of the potassa remain in combination. Two or 
three hundred grain* of the sulphate, with the proper quantity 
of charcoal, will be sufficient to shew the nature of the process. 

The diagram below represents "the theory of the decompo- 
sition, supposing no carbonic acid to be formed, which is pro- 
bably the case when a sufficient quantity of carbon is employed. 
See Sulphuric Acid, par. 303, for Gay-Lussac’s remarks on the 
decomposition of sulphates. 
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781. Sulphuret of potassium may be prepared also by heating 
the carbonate of potassa with sulphur in a large crucible ; the 
heat ougltt to be applied cautiously, and continued till the mix- 
ture is completely fused. One part of sulphur and four of car- 
bonate of potassa are frequently used. It is in this manner that 
the different Colleges prepare what they term sulphuret of 
potass^; but it is in reality a mixture # of sulphuret of potassium 
and sulphate of potassa. 

732. The next diagram illustrates the manner in which four 
cqs. of sulphur Aid four of potassa produce three of sulphuret 
of potassium and one of sulphate of potassa. The carbonic 
acid, which is disengaged, is not represented. 
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Fig. 173. 
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783. From its colour resembling that of tlic liver, it is often 
called Ilepar sulphuris . If diluted sulphuric or hydrochloric acid 
he thrown on fragments of the sulpliuret of potassium, hydro- 
sulphuric acid gas is disengaged. 1 

784. Digest in water the sulpliuret obtained ’in the manner 
first described. A reaction immediately takes place between it 
and a portion of the water, and a solution of the iiyduosuu»hate 
of pot ass a is obtained, the potassium taking the oxygen, and 
the sulphur the hydrogen, in the manner represented in the 
diagram. 
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785. Boil 04 grains of sulphur with 114 grains of the hydrate 
of potassa in an ounce of water. The whole of the s dpliur and 
potassa is dissolved, and a solution is obtained of a dark greenish 
colour. It contains the* sulphurated hydrosulphate of potassa, 
and a portion of the sulphate, sulphite, or hyposulphite of po- 
tassa ; these are formed by part of the sulphug combining with 
the hydrogen, and another part with the oxygen of a portion of 
water which is decomposed, the acids produced in this manner 
remaining in combination with the potassa. 

783. An additional quantity of sulphur may be dissolved with 
the same quantities of water and alkali ; the solutions have a 
dee]) amber colour when they have become clear, attract oxygen 
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from the air, and are decomposed by the acids, with disengage- 
ment of hydrosulphnric acid, and a copious precipitation of 
sulphur.* 

787. Sulphate of potassa may he decomposed by heating it 
with charcoal and carbonate of lime, a fused mass remaining, 
from which, by lixiviation, a solution is procured consisting 
principally of carbonate of potassa. The precise operation of 
tile carbonate of lime is not well understood; it assists in with- 
drawing the sulphuric aj:id from the potassa, and in communi- 
cating carboipc acid. 

788. Carbonate of Potassa is .very deliquescent, and so- 

luble in less than its weight of w/iter. It is usually termed 
Subcarbonate of Potassa, as it possesses decided alkaline proper- 
ties, the acid which it ccfti tains not neutralizing the alkali com- 
pletely. • 

789. The Pearl Ash of commerce is an impure carbonate 
of potassa, containing siliceous matter, a little sulphate of po- 
tassa, a small quantity of other salts, and a portion of water, 
usually amounting to Jliree eqs.^in two of the carbonate. A so- 
lution sufficiently pure for ordinary experiments may be ob- 
tained by stirring it with one or two parts of cold water, the 
greater part of the other salts being left undissolved, as they 
are less soluble than the carbonate. The carbonate sold under 
the name of Salt of Tartar , is usually prepared in this way. 

790. A pure carbonate of potassa is obtained by decomposing 
bitartrate of potassa (cream of tartar) by heat. It is occasionally 
mixed wkh nitre before it is decomposed, and the appearance 
and nature of the product vary according to the quantity em- 
ployed, and the manner in which the operation is conducted. 
Another iSothod of preparing a pure carbonate, by which also 
it is oltfaiaed perfectly dry, is to fuse the bicarbonate of potassa 
in a platinum crucible. It loses all its water of crystallization, 
and half of its carbonic acid. % 

791. When e^ual weights of nitre and cream of tartar are 
mixed together and thrown into a red-hot crucible, a rapid de- 
flagration ensues, and a white matter remains, which is usually 
termed White Flux. It is a pure carbonate; the nitric and 
tartaric acids of the two salts are completely decomposed, and 
part of the carbonic acid produced remains in combination with 
the potassa. 
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792. If two parts of tlu* bitartratc are mixed with one of 
nitre, and the mixture thrown in quickly in successive portions, 
into a red-hot crucible, which is covered and luted whenever 
the materials have been introduced, a small aperture being left 
for the disengagement of gas, a black mass will remain in the 
crucible. This is composed of carbonate of potassa and char- 
coal, the oxygen in the nitric acid of the ntere not being suffi- 
cient to carry off the excess of carbon which the tartaric acid 
contains. It is usually termed Black Flux, In preparing 
both these substances, a crucible, capable of containing twice 
the quantity of materials used, should be employed. 

793. The white flux is used in several chemical operations to 
impart fluidity to different substances with which it is mixed at 
a high temperature ; the black ffux may be employed for similar 
purposes, but it is used chietly as a deoxidating rgent, as in the 
reduction of arsenious acid. 

794. When a pure solution of carbonate of potassa is required 
as a test, it should always be prepared from cream of tartar ; 
and if nitre be previously mixcffl with it, it should be free from 
salts of chlorine and other impurities. 

795. This salt must always be kept in close vessels, to pre- 

vent it becoming liquid by attracting water from the air. Its 
solution renders the infusion of red cabbage green, and being 
much less caustic than pure potassa, the green colour remains 
for a considerable time. It is usually obtained in the form of 
an amorphous mass, and may he fused by exposure to a good 
red heat. *• * 

796. To prepare the Bicarbonate of Potassa, a. stream of 
carbonic acid must be transmitted through a solution of the 
carbonate in Woulfe’s or North's apparatus. The solution must 
be evaporated by a very gentle heat, as the excess of acid is 
expelled by a boiling temperature. It crystallizes slowly in 
prisms, and is not altered by exposure to the air. It is used 
principally for effervescing draughts. About 75 grains of crys- 
tallized tartaric acid, or 76 grains of crystallized citric acid, 
can decompose 101 of the crystallized bicarbonate, combining 
with the potassa, and forming tartrate or citrate of potassa, 
which remains in solution, while the carbonic acid is disengaged 
with effervescence. Thirty or forty grains of tartaric acid, and 
i\ corresponding quantity of the bicarbonate, dissolved in sepa- 
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rate glasses of water, along with a few pieces of sugar, form an 
agreeable and refreshing draught when mixed together. 

797. 1? eurocyan ate of Potassa (or prussiate of potassa ). — 
This salt is soluble in three parts of water at 60°, and in its own 
weight of boiling water. The solution affords large crystals of 
a beautiful yellow colour. It is not affected by the air, becomes 
black when exposed to a red heat, and is completely decom- 
posed if kept at this temperature for some time. Its most im- 
portant chemical relations are considered under cyanogen, hy- 
drocyanic ac^l, and the red forro-prussiate of potassa. Its so- 
lution gives no precipitate with alkalis or alkaline salts, but it 
decomposes some* of the soluble earthy salts and most of the salts 
of the common metals when involution, and is much employed 
as a reagent for detecting them. 

798. Ackt>wk of Potassa is prepared by adding the puri- 

fied acetic acid, procured from the distillation of wood, t* ear 
bon ate of potassa in solution, till it is neutralized, evaporating 
the solution with great care afterwards, till the water is ex- 
pelled ; the fused sal^ becomes ti solid crystalline mass on cool- 
ling. By a high temperature it is completely decomposed. It 
is very soluble jn water and deliquescent, and must be kept in 
close vessels. * 

799. Tartrate of 1*otassa is very soluble in water, and is 
easily prepared from the bi tart rate, by decomposing it with 
chalk in the manner described for the preparation of tartaric 
acid. Its solution affords crystals on evaporation. 

800. r Mio Bit art rate of I^Jtassa may be prepared l>y add- 
ing tartaric acid to a solution of the tartrate. But it is gene- 
rally procured from the crude tartar that is deposited in wine 
casks, which consists .of crystals of the bitartrate and colouring 
matter By boiling it in water with charcoal, and alumina or 
compounds of this substance, such as clays, its solution is puri- 
fied, and it is then cry st alii zed^or separated in successive pel- 
licles from its li<5t saturated solution. It requires about seventy 
parts of cold aud fifteen of boiling water for its solution. 

801. The bitartrate of potassa of commerce usually contains 
a portion of the tartrate of limg, and is sometimes adulterated 
with other insoluble earthy substances, as carbonate of lime. 
By solution in water, and crystallization, it may be separated 
from these impurities. 
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802. Chlorate of Potassa is soluble in about 18 parts of 

cold and in 2 or 3 of boiling water. It contains no water of 
crystallization ; the theory of its formation and the ntethod of 
preparing it have been described under chloric acid. It is par- 
ticularly distinguished by the facility with which it gives oxy- 
gen to inflammable substances, and when exposed to heat, a 
large quantity of oxygen is disengaged, and ^chloride of potas- 
sium remains (36). . 

803. Mix a grain or two cflF the chlorate with a little sulphur 
in a mortar, and triturate them together ; loud explosions take 
place, and the sulphur combines with the oxygen of the chloric 
acid. 

804. Take a tenth of a grain of dry phosphorus and a grain 
of chlorate of potassa, put theta together into a small piece of 
paper, strike it with a hammer, after folding ij, into a small 
packet and laying it on a stone or a block of iron ; a larger 
quantity of materials should not be flsed, at least by the beginner, 
as part of the phosphorus is then apt to be thrown out in sparks. 
The detonation is violent, and tjie same reaction takes place as 
in the former case, the phosphorus combining with the oxygen 
of the acid. It should be struck so that any sparks of phos- 
phorus arc projected from the operator. 

805. Introduce" a little potassium into a jar of chlorine, using 
the copper cup represented by Fig. 73 (page 50) ; it takes fire 
immediately, combining with the chlorine, and forming Chlo- 
ride of Potassium. The same compound is procured when 
hydrochloric acid is added to a^olutipn of the carbonate of po- 
tassa, and the solution obtainednFn this maimer evaporated and 
crystallized ; the carbonic acid of the carbonate is disengageif in 
the first place witli effervescence, and the hydrogen OS the acid 
unites with the oxygen of the oxide, forming water, while chlo- 
ride of potassium rcmairVs in solution. It is soluble iii three 
parts of cold water, and lias a hitter saline taste. It. is much 
used to furnish potassa in the preparation of alijm. 

806. Iodide of Potassium niaj be formed by heating iodine 
and potassium in a small tube ; heat and light are disengaged 
during their combination. 

807. This important compound is usually termed the Hy- 
driodate of Potassa, though it is now considered that such a 
combination can exist only in solution in water. One of the 
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best methods of preparing this substance 1 consists in forming hv- 
driodatc of iron, and decomposing it by carbonate of potassa. 
Hydriodnte of potassa in solution is obtained, and, on evapora- 
tion, iodide of potassium is procured. 

808. To prepare hydriodate of iron, about 126 grains of iodine 
and 50 or 60 of iron may be mixed in a Florence flask, with 
two or three ounqps of water, and heat applied by a lamp till 
the liquid becomes clear. One equivalent of iron, with one of 
iodine, decomposes one equivalent* of water, and forms hydrio- 
date of the oxide of iron, a reaction taking place in the manner 
shewn in the annexed diagram. 


fi£ 17 ft. 

I iff u re J ka/tn}><mtion. ^ 

,, Water J 1. • 

JW ‘ ,U '%(Own, JL 
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of Iron. 

+ i’<>. 


An excess of iron does no liaTm, presenting a large 1 surface, 
and causing the action to proceed more rapidly, while it is easily 
removed by filtration. ^ 

800. The hydriodate of iron, being soluble, is dissolved l»\ tile 
waiter, and on adding a solutionjif the carbonate of potassa to it, 
taking eare to use no more than is exactly necessary to decom- 
pose it completely, carbonate' of iron is precipitated, and hydrio- 
date of potassa remains in solution ; the quantity required is 
easily fouftd out by adding 8iu%fi portions at a time as long as 
any precipitate takes place. An equivalent weight of carbonate 
of potassa may bo taken for every equivalent of metal dissolved. 

Symb. Ill + *Fe & :C -P K = HI + lv & :C 4- Fe. 

810. « When the solution is evaporated, and crystals pvocurcd, 
the hydrogen of the hydriodic acid unites with the oxygen of tin* 
potassa, forming water, and iodide of potassium remains. It is 
more easily prtleiirod in crystals from its alcoholic solution. 

Symb. III+K=1I & IK. 

811. Many other processes ha\e been recommended for the 
preparation of this compound, but the method already described 
is perhaps the most convenient that has been proposed. It may 
be procured by the mutual /return of iodine, potassa, and w ater. 
Iodate and hydriodate of potassa are formed, part of the iodine 
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taking the oxygen, and the remainder combining with the hy- 
drogen of part of the water which is decomposed ; the reaction 
is similar to what ensues between chlorine, water, and potassa 
(or soda or baryta). The hydriodate of potassa is separated from 
the iodate by alcohol, in which the latter is insoluble ; or, as Dr 
Gregory proposed, the iodate and hydriodate may be heated to 
redness, when both become iodide of potassyun, oxygen being 
expelled from the iodate, and oxygen and hydrogen from the 
hydriodate. • 

812. It may be procured by the action of hydrosulphuric acid 
on a solution of potassa mixed with iodine ; but ttic method al- 
ready described is the best. 

813. Iodide of potassium" deliquesces in a humid atmosphere, 
and is soluble both in water am! alcohol. It has been frequently 
sold adulterated to a great extent with carbonate of potassa ; 
the frresonee of this substance is easily detected by its solution 
in water effervescing when diluted sulphuric acid is added to it, 
or by its alkaline reaction, turning vegetable - bines to a green. 
The amount of carbonate of pytassa is estimated by the quan- 
tity °t sulphuric acid required to neutralize it, every 40.1 of 
dry sulphuric acid used indicating 60.32 of carbonate of potassa. 

814. Hkomide of Potassium nfay be prepared by processes 
similar to those described for the preparation of the iodide. 
Heat gently two parts of broitiine with one of iron filings in 
thirty parts of water, after having mixed the iron and bromine 
intimately with a little water, and allowed them to remain in 
eontaeft for an hour. A. solution of hydrobromate yf iron is 
thus obtained, and to it two an (Fa half parts of carbonate of j»o- 
tassa may now be added, having previously dissolved them in 
thirty parts of water. Carbonate # of icon is precipitated, and 
hydrobromate of potassa remains in solution, which is resolved 
into water and bromide df potassium on crystallization. 
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* CHAPTER II. — SODIUM. 

tty mb. Na. Eq. by W. 23.5 ,• sp. gr. 0.972. Jt is soft and mal- 
leable at 32°, completely fused by a temperature of 200°, present - 
, ing the appearance of silver or mercury, and requires a good red 
heat to concert it into vapour . 

815. Sodium may be prepared in the same manner as potas- 
sium, or by mixing chloride of sodiuyi with potassium, and dis- 
tilling from an iron-retort, when th$ potassium combines with 
the chlorine, and the sodium is volatilized. 

810. Sodium bears a Jjreat resemblance to potassium in all 
its chemical relations, and the experiments directed to be made 
with potassium may be repeated with it, proceeding ii» the 
maimer we have already described. It does not take fire, how- 
ever, like potassiifm, when thrown on water, but in other re- 
spects the action is precisely the? same in both cases. If, how- 
ever, the water be thickened by dissolving gum in it, light and 
heat are evolvejl when the sodium comes in contact with water. 


Sect. I. — Soda. 

ftymb. ONa, or ’Na. Eq. by W. 31.5 ( Oxygen 8 + 23.5 tiodiiun ). 

• • • • 

817. Soda may be obtained from the carbonate of soda, by 
the procejs described for the preparation of potassa from its 
carbonate. By cvaptfraling tiie solution of soda in water, and 
fusing tlii^dry mass that remains, a hydrate of soda (*H -f- *Na) 
is obtained, similar to the hydrate of potassa in its general che- 
mical relations. 

818. Most of the experiments described under potassa may 
be repeated with soda, but its solutions give no precipitate with 
tartaric acid nor with bichloride of platinum. Soda and com- 
pounds of sodium in general also give an orange tint to the 
flame of the blowpipe, an effect not produced by potassa or by 
compounds of potassium. . 
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Sect. II. — Salts of Soda, Sulphuket and Chloride of 
Sodium, &c. 

819. The salts of soda have the same general properties as 

those of potassa, and all of them may be decomposed by this 
alkali. To see the greater affinity which potassa has for the 
acids, pour a strong solution of this alkali into a saturated solu-* 
tion of the sulphate of soda ; crystals of sulphate of potassa are 
soon formed. • 

820. The Sulphate of Soda (Glauber’s Salt) -is prepared 
from the residuum of the preparation of hydrochloric acid, in 
the same manner as the sulphate of potassa is procured from the 
residuum of the distillation of nitric acid. See 777. It crystal- 
lizes in prisms which are soluble in about three parts of water 
at 56°, and in less than one-third of their weight of water at 
90 ft ; in increase of temperature beyond this point, instead of 
promoting, diminishes their solubility. The c^stals fuse on ex- 
posure to heat, and part with ^thcir water of crystallization. 
They effloresce when exposed to the air. When a saturated so- 
lution of sulphate of soda is kept at a high temperature, crystals 
arc deposited which contain no water of crystallization. The 
common crystallized sulphate contains ttjn equivalents of water. 

821. Experiments may be made with sulphate of soda and 
charcoal, with sulphuret of sodium and water, and with fused 
soda, sulphur, and water, analogous to those described in the 
paragraphs after sulphate of potassa, page 231, &c. 

822. Nitrate of Soda resembles* nitre in its general pro- 

perties and chemical relations. But it is very deliquescent, aAd 
hence cannot be used for gunpowder. It is now usejj for the 
preparation of nitric acid, and in the manufacture of sulphuric 
acid. It is a native production ; and is procured frcftn 'South 
America. , 

823. The Carbonate of Soda of commerce, is obtained by 
digesting in water Kelp or Barilla* the ashes of incinerated sea 
plants, and crystallizing the solution. It is also prepared by 
soaking saw -dust, or other carbonaceous matter, in a strong so- 
lution of the hydrosulphate of soda, and exposing the mixture 
to heat in a reverberatory furnace. The water is soon dissi- 
pated. the hydrosulphurie acid is decomposed or expelled, and 
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the soda combines with carbonic acid, formed by the combus- 
tioh 'of 'the fuel, or of the materials with which the solution is 
mixed. «■ The solution of the liydrosulphate used for this purpose 
is prepared from the sulphuret of sodium procured by decom- 
posing sulphate of soda by charcoal, in the same manner as 
the sulphuret of potassium is obtained from its sulphate. 

824. In many ^manufactories, the carbonate of soda is prcpar- 
f ^d from the sulphate by one operation. The sulphate of soda 

is decomposed by the charcoal, and sulphuret of sodium is form- 
ed ; by the continued action of the flame of the furnace and* of 
the air, the ‘sulphur is dissipated, and the sodium is oxidated and 
combined with carbonic acid ; so tliat, on boiling the resulting 
saline mass, filtering, and allowing the solution to cool, large 
crystals of the carbonate of soda are obtained. 

825. By mixing carbonate of lime with the sulphate of soda 
and charcoal, the carbonate of soda is still more easily produced. 
See carbonate of potassa and its preparation, from the sufphate. 

826. In operations of this kind on the large scale, a Rever- 
beratory Furnace, of whiel\ there are many varieties, is ge- 
nerally used. The annexed figures* shew the manner in which 
they arc constructed. In Figs. 176, 177, a is the furnace bars 
and fire-place*; i, the bridge or division between the fire-place 


Fig. I7«. 


Fig. 177. 



and the bed or floor of the furnace ; e , c, the bed of the furnace, 
which is heat&d by the flame and heated air passing under the 
arch before it escapes by th£ chimney at / ; on it the materials 
are placed, which are introduced by the doors d and g. The 
doors are usually suspended by a chain passing over a pulley, a 
counterpoise or balance weight being attached to the other end 
of the chain ; i is a damper to regulate the draught. 


From Mitsclierlich’s Chemistry. 
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827. The materials in the furnace require to be stirred or 
tossed about in some operations, which is effected by long iron 
bars or rakes, introduced from time to time at d and g. The 
doors d and g, may also be more or less opened or shut, accord- 
ing to the nature of the process, and by attending carefully to 
them, and also to the quantity and quality of the fuel used, the 
materials may not only be heated to any required temperature, 
but subjected also to a powerful deoxidating of smoky flame, on 
to the oxidating influence of 4he air. 

•828. In Figs. 178, 179, the iron bars are represented, by 
which large reverberatory furnaces are usually bound, d is the 
side door, m the furnace door, x the ash-pit door, g the door at 
the extremity of the furnace. 


t 

Fig. 17 a • £ig. 17». 



829. Carbonate of soda is easily obtained in large crystals, 

from its solution in water. They s^re soluble in two parts of 
cold water, and in less than their own weight of boiling water. 
On exposure to the air they effloresce, and fuse when heated, 
losing their water of crystallization. The quantity of wate/ of 
crystallization which they contain, has been found to vary ac- 
cording to the temperature at which the crystals are # formed ; 
the common crystallized carbonate contains in general ten or 
eleven equivalents of water. Its solution turns the vegetable 
blues to a green. It almost always contains a little* sulphate 
of soda, the greater part of which Vnay be Yemoved by repeated 
crystallization ; but it is ^extremely difficult to free it entirely 
from the sulphate. ^ 

830. The Sksqutcakbonate of Soda, generally called till 
lately the Bicarbonate, may be obtained in the same manner 
as the bicarbonate of potassa, and has similar properties. It 
has been ascertained* that the crystallized carbonate may be 
converted into the sesquicarbonate by the action of a current of 
carbonic acid more speedily than its solution in water, and that 
the process goes on still more rapidly* if the crystals be deprived 
of their water of crystallization by efflorescence. 
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831. Phosphate of Soda is prepared by adding carbonate of 

soda to a solution of the superphosphate of lime (352). The 
excess of phosphoric acid in the superphosphate combines with 
the soda of the carbonate, and remains in solution, disengaging 
carbonic acid with effervescence, while the phosphate of lime, 
having now lost its excess of acid, becomes insoluble, and is pre- 
cipitated. The carbonate of soda ought to be added till the so- 
lution can render f tiie test-p«aper green, as a slight excess of al- 
kali favours the crystallization. The solution is filtered, to se- 
parate the phosphate of* lime, and evaporated afterwards till* a 
pellicle appears on its surface, when it may be set aside to crys- 
tallize. # 

832. Phosphate of soda is soluble* in about four parts of water 

at 60°, and in two of boiling water. It has a saline taste, un- 
accompanied by flic disagreeable bitterness of the sulphates of 
magnesia and # soda. See phosphoric, pyrophosphoric, and meta- 
phosphorie acids. # 

833. Chloride of Sodium or common salt, formerly called 
Muriate of Soda, exists abundantly in the mineral kingdom, form- 
ing immense beds, which are several hundred miles long in some 
] daces ; when obtained from these sources, it is termed Rock-salt. 
It may be prepared also in .large quantities from sea-water, of 
which it constitutes the principal saline ingredient. In warm 
climates, the water is allowed *o evaporate spontaneously in re- 
servoirs made for the purpose, and the salt that remains is the 
Ray-salt of commerce ; in more northern regions, the water is 
dissipated in large pans or boijers. Occasionally, a lar^e por- 
tion of the water is previously separated, when the tempera- 
tiYre is very low, part of the water freezing, and leaving a 
strongertbrine still liquid. 

834. The salt procured By the spontaneous evaporation of 
sea-w^atcV is in large crystals, and much purer than what is pre- 
pared by rapid evaporation. J'he latter always contains a con- 
siderable quantity of magnesian salts, one of which, the hydro- 
chlorate of magnesia, renders it deliquescent, and impairs its 
antiseptic properties. 

835. The presence of magnesia may be easily detected, by 
adding a solution of the carbonate of soda to a solution of com- 
mon salt in water ; a white precipitate appears immediately if 
magnesia be present (see JMagnesia), while the liquid remains 
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transparent and colourless if there be none. By boiling the so- 
lution, the precipitation is more effectually induced. 

836. When sodium is heated in chlorinej or in hydrochloric 
acid gas, the same compound is formed, hydrogen gas being 
disengaged when the latter is taken. 

837. Chloride of sodium crystallizes in cubes or in hollow 
four-sided pyramids, which contain no water of crystallization 
chemically combined with them, but a small portion between 
the layers of the crystals, which is separated with decrepitation 
on exposure to heat. When a handful of bay-salt is thrown 
into the fire, it decrepitates with loud reports, and the larger 
crystals are thrown about with great violence. 

838. Chlorine and soda combine, and form a compound which 
is much employed in solution as a disinfecting agent ; Labar- 
raque’s disinfecting liquid owes its properties to\his substance. 
Mr Phillips and Dr Faraday have examined it, and the latter 
has given the following formula for its preparation : 2800 grains 
of crystallized carbonate of sody, are dissolved in 1.28 pints of 
water, and chlorine is then transmitted through the solution in 
Woulfe’s apparatus, preparing it from 967 grains of common 
salt, 750 of the binoxide of manganese, and 960 of sulphuric 
acid diluted previously with an equal •quantity of water ; the 
chlorine should be transmitted through a bottle of pure water 
first, to remove any hydrochloric acid that may be mixed with 
it. No carbonic acid is disengaged, and though the solution 
contains chloride of soda, its precise composition has^ not been 
accurately ascertained. When long kept, it is in a great mea- 
sure decomposed, chlorate and hydrochlorate of soda beflig 
formed by the reaction of the chlorine on part of the# water, in 
the same manner as has been explained in 573. 

839. Tartrate of Potassa and Soda is prepared by adding 
the bitartrate of potassa (cream «of tartar), in fine powder, to a 
solution of the carbonate of soda in boiling water, as long as 
any effervescence takes place. Three hundred grains of the 
carbonate, dissolved in ten or twelve parts of water, is a suffi- 
cient quantity of this salt, to illustrate the nature of the pro- 
cess, and for this nearly four hundred grains of cream of tartar 
are required. The excess of acid which it contains unites with 
the soda of the carbonate, the carbonic acid being disengaged 
with effervescence, and the tartrate of «oda remains in combi- 
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nation with the tartrate of potassa, the solution giving crystals 
when it is evaporated to a pellicle and set aside to cool. The 
following diagram gives a view of the reaction. 


Fi*. 180. 

Before Decomposition . After Decomposition. 

Carbonate of ( Carbolic Acid, 22.12 22.12 Carbonic Acid. 


Soda.. 


(Soda 31.6 ^97.98 

Bitartrate of j^ ar ‘ ar ! c ^1’ 

Potassa i i artarlc Acl( L 66 -4& 

(Potassa 47.2. 


) 


113.68 


Tartrate of Potassa 
and Soda. 


‘ Symb. :ONa& 2 T+ K= :C& TK + T-Na. 


The solution gives large prismatic crystals, which are soluble 
in five parts of water. • 

840. The BibcAiate of Soda, or Borax, is a native production, 
existing in th£ water of some lakes in Thibet and Persia. The 
crude borax met with in commerce, and known by the nalne of 
Tincal, is refined by solution and crystallization. It is often 
termed Subborate of soda, as its solution tugns the vegetable 
blues to a green, two # equivalents of boracic acid not being suffi- 
cient to neutralize one equivalent of soda. 

841. This salt crystallize in prisms, which are soluble in six 
parts of boiling and in* twenty of cold water. When exposed 
to heat, its water of crystallization is expelled, and a transparent 
glass is obtained ; it is employed principally as a flux. 


CHAP. Ill — LITHIUM. 

842. Lithium is the metallic base of Lithia, an alkali that 
was discovered by Arfvedson in 1818! Its chemical equivalent 
is 10, and the equivalent of lithia is 18, consisting of one equi- 
valent of lithium and one of oxygen. 

843. Lithia has been procured only in very small quantities, 
and has not been applied to any use. It is distinguished from 
potassa and soda, by forming with phosphoric and carbonic acids 
compounds which are only sparingly soluble in water. 
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CHAP. IV. — AMMONIA.* 


Symb. NH 3 . Eq. By W \ 17.2 (hydrogen 3 + 14.2 nitrogen ) ,* by vo- 
lume LO (two measures ). Sp. gr . 0.59 ; W. of 100 c. i. 18.3 
grains. It is gaseous at natural temperature but becomes liquid^ 
when exposed to a pre&ure* of six and a half atmospheres . 

844. Ammoniacal gas is prepared most easily from common 
liquid ammonia (a compound of ammonia and water), by heating 
it with a small spirit-lamp jn a tubulated retort, and collecting 
the gas over the mercurial trough, in the same manner as has 
been directed for the preparation of liydrochloric acid gas. It 
cannot be collected over a trough filled with water, as it is ab- 
sorbed in large quantities by this fluid. 

845. Should the student not have a mercurial trough, he may 
prepare a small quantity of ammoniacal gas by displacement. 
For this purpose, put two or thlee drachms of aqueous ammonia 

Fig. lai. into a Florence flask, and adapt a bent glass- 

fhbe to it, supporting it in Jhe manner re- 
presented in the adjoining figure. On heat- 
ing the aqueous ammonia by a spirit-lamp, 
ammoniacal gas is abundantly disengaged, 
and may be collected by displacement in an 
inverted jar or bottle, in the same manner 
as sulphurous acid gas, 273, page ^89. The 
vessel in which the gas is collected must be 
inverted, as it is lighter than atmospheric air. When die bottle 
or jar is full of gas, a large quantity of dense white vapours are 
formed on bringing a rod dipped in hydrochloric acid near the 
mouth of the bottle, ammoniacal gas escaping after the air has 
been expelled ; it must then be removed and > corked tightly. 
The bent tube is fitted to the fla$sk by being passed through a 
cork. 



• This substance is placed along with the metals, though it contains no me- 
tallic matter in its composition, as it bears a great resemblance to the oxides 
of the alkaline metals in all its leading chemical relations, and as the student 
will find it more convenient to examine its properties along with those of the 
other alkalis. 
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846. Ammoniacal gas is transparent and colourless, and is 

easily distinguished by its peculiar pungent odour. It cannot 
support fespiration or combustion. It inflames readily when 
mixed with oxygen gas, though it does not burn easily with 
atmospheric air. Ammonia possesses all the qualities of an 
alkali, affecting the vegetable colours in the same manner as 
^otassa and soda. « Its salts are all decomposed or volatilized 
by heat. • 

847. To see the greaj affinity tliat water has for ammoniq, 
take a tube or bottle filled with this gas over mercury (266), 
or by displacement, and open it under water in a basin ; the 
ammonia is instantly condensed by the water, which rises into 
the tube and fills it completely, jf the gas be quite pure. Di 
Thomson states tlyit water can take up 780 times its volume of 
ammonia at common temperatures. 

848. When the gas is mixed with oxygen and inflamed, 

the mixture must be made over mercury in a strong jar or 
detonating bottle ; every two measures of ammoniacal gas (one 
equmdent) require a. measure 1 and a half of oxygen (three 
equivalents) for combustion, the hydrogen and the oxygen 
combining together, and forming water, while the nitrogen is 
disengaged. % 

849. Ammonia is decomposed by chlorine, which, combining 
with its hydrogen, forms hydrochloric acid, and disengages 
nitrogen ; if an excess of ammonia be used, the hydrochloric 
acid combines with it, and forms hydrochlorate of ammonia. 

Fig. i 82 Tiie mixture may be malic over the mercurial trough ; 
or a bottle fidi of chlorine may be connected with a 
bottle full of ammoniacal gas (Fig. 182), by a glass-tube 
passing through a cork that fits them both, placing the 
beetle containing the ammonia uppermost. Three 
measures of chlorine arc required for the complete de- 
composition of two measures of ammonia. A lambent 
flame accompanies the action. The chlorine may he 
prepared in the vase or bottle at a pneumatic trough 
filled with water, and the vase of ammoniacal gas may 
be filled by displacement. The glass-tube passing- 
through the connecting cork, should not be above one-third of 
an inch in diameter. After putting it into the vase with chlorine 
gas, invert the other containing the ammoniacal gas, remove its 
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cork, and place it over the other extremity of the tube, in the 
manner represented in the figure. Vases or bottles capable of 
containing from a few to 100 or more ounce measures may be 
taken for this experiment. 

850. Ammonia is easily recognised by its odour, and by the 
white fumes of hydrochlorate of ammonia which are formed, when 
a glass rod dipped in hydrochloric acid is* brought in contact 
with it. When its solution in water is too dilute to give any 
perceptible smell, it may hi general be easily detected by the 
'deep blue colour which it produces with a solution of a salt of 
copper. See Copper. 

851. The water of ammonia (common liquid ammonia, or 
aqueous ammonia), usually termed spirit of hartshorn , or volatile 
alkali, is prepared on the lai*ge seal# by the decomposition of 
animal matter exposed to heat in close vessels, % condensing the 
product in water ; but it is obtained most conveniently by de- 
composing hydrochlorate of ammonia by slaked lime, receiving 
the product into water kept cold in a bottle receiver. For this 
purpose 2 parts of quicklime and 3 of liydrochlorate of ammonia 
are mixed together, after the former has been slaked with half 
of its weight of water and allowed to cool ; the^ r should both be 
in fine powder, and intimately bleftded, taking care to avoid the 
pungent fumes that are disengaged. •The mixture is then put 
into an iron-retort (an iron bottle with a bent tube fitted to it, 
will do equally well), and placed in a sand-bath. The beak 
of the retort is then luted to a quilled globe, of the form re- 

vig. 183 presented in *tlie annexed figure, making the 
joining tight with a little chalk lute ; aiyl a 
quantity of water, equal in weight to three- 
fourths of the hyjlrochlorgte of amnfonia which 
is used, is put into a bottle or receiver. The 
tube from the globe should reach to the bottom 
of the bottle, Which should not be more than 
half full, when the proper quantity of water has 
been put in. The use of the glass globe is to allow air to pass 
into the retort as the apparatus becomes cold, and prevent any 
of the water of ammonia from being carried along with it ; for, 
whenever the ammoniacal gas ceases to come, and all the liquid 
in the bottle has been forced into the globe by the pressure of 
the atmosphere as the remaining* gas is condensed, then air 
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enters by the small quill tube, and passes through the water 
of ammonia to the retort. It must be kept in bottles with 
good glass stopples, otherwise much of the ammoniacal gas 

soon escapes. * 

852. Green glass-retorts, or even flint glass-retorts, may be 
employed, instead of iron vessels ; but the latter should always 
be preferred, wliei* they can be obtained. Earthen retorts, 
also, are occasionally used. A small quantity of materials may 
be taken; from an ounce^to a pound, as may be found most 
convenient. 

853. In this process, the lime combines with the hydrochloric 

acid of the hydrochlorate of ammonia, and disengages ammo- 
niacal gas, which is condensed by the water ; a reaction at the 
same time takes pjace between wie lime and the hydrochloric 
acid, and the products are, chloride of calcium and water. T.he 
diagram gives a view of the decomposition. % 


Fig. 184. 

Before Decomposition. After Decomposition , 

53.7 Hydroch. f Ammonia, • V..17.2 17-2 Ammonia. 

1 1^1,. a. 

limo, • j Chlor. of Col. 

Symb. HC1 + NH 3 & *Ca = NH 3 & II + CICa. 

The lime is employed in larger quantity than is absolutely ne- 
cessary for the decomposition, in order that it may be more 
easily affected ; it is unneccssary*to represent the excess fh the 
diagram, however, as it is not decomposed. 

854. The specific gravity of the water of ammonia varies ac- 
cording to'the quantity of water employed to condense the am- 
moniacal gas. The following table by Sir Humphrey Davy 
shews the quantity of dry alkali whiefi it contains at different 
densities. % 


Specific 

gravity. 

Si 

Specific 

gravity. 

Ammonia 
in 100 pte. 

Specific 

gravity. 

Ammonia 
in 100 pts. 

Specific 

gravity. 


mm 

32.50 

.9166 

22.07 

.9435 

14.53 

.9573 

10.82 

I .8875 

29.25 

.9255 

19.54 

.9476 

13.54 

.9697 

10.17 

immm 


.9326 

1752 

.9513 


.9619 

0.60 

| .9045 

25.37 

.9385 

15.88 

• 

.9545 

11.56 

.9692 

9.50 
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855. The impurities commonly met with in the ammonia of 
commerce, are hydrochloric, sulphuric, and carbonic acids, and 
occasionally a portiHi of oily matter, derived from the animal 
matter from which it is at first procured. 

856. To detect hydrochloric acid, dilute a small portion of 
the ammonia with 10 or 12 times its bulk of water, add nitric 
acid in excess, and then a solution of the nitrate of silver, whidh 
immediately gives a precipitate of the chloride of silver, should 
there be any hydrochloric acid present. 

857. To detect sulphuric acid, dilute another portion, and sa- 
turate with nitric acid as before ; then add a solution of the hy- 
drochloric or nitrate of bafyta, when sulphate of baryta is pre- 
cipitated, if the ammonia contain any^sulphuric acid. 

858. The oily matter may be detected occasionally by its em- 
pvreumatic odour, and, when present only in very minute quan- 
tity, by adding very cautiously, and in small quantities at a time, 
a great excess of sulphuric acid ; any oily or other animal mat- 
ter is indicated some time afterwards, by the dark colour which 
the liquid assumes, a small portion of carbon being eliminated. 

859. To procure the ammonia free from these impurities, 

expose it to a very gentle heat ii* a retort, aitd condense the 
gas that is disengaged in distilled water, in the manner shewn 
in 851. • 

860. Alcohol has a great affinity for ammoniacal gas, and can 

condense a large quantity of it. Alcohol ammoniatum , of the 
Edinburgh College, is prepared by^transmitting amjnonia, ob- 
tained by the decomposition of hydrochlorate of ammonia, through 
alcohol, instead of water. f 


SaVts of Ammonia. 

4 

861. The method of preparing the NiTEAf e of Ammonia 
has already been described undef* Oxide of Nitrogen, page 47. 
It is deliquescent, ,and very soluble in water. It may be ob- 
tained in the form of prismatic crystals, by stopping the evapo- 
ration of its solution in water when a drop, taken out on a glass 
rod, crystallizes in slender prisms as it cools ; or, in the form of 
a fibrous mass, by continuing the lfeat till the drop taken out 
becomes quite solid on cooling, \yhen most of the water will 
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have been expelled. It is decomposed by a temperature be- 
tween 400° and 500°, being resolved into oxide of nitrogen and 
water. 

862. Sulphate of Ammonia is obtained most easily, by neu- 
tralizing the carbonate of ammonia by sulphuric acid diluted 
with five or six parts of water. The sulphate of ammonia is 
found in soot, being formed during tlie # eombustion of the coal, 
volatilized, and deposited along with the soot. It may be sepa- 
rated by lixiviation ; andVas extensively used for the manufuc* 
ture of sal-anftnoniac (874). 

863. Hydrosul.phate of Ammonia’, called also Hyduosul- 
phurkt of Ammonia, is prepared most conveniently by transmit- 
ting a stream of hydrosulyhuric atid gas through common liquid 
ammonia, diluted vvith several times its bulk of water. The liy- 
drosulpliuric acid gas is absorbed rapidly by the ammonia ; it 
may be prepared in the usual manner, 315, page 102, using ^4. 1 
parts of sulphuret of iron for every 17.2 of dry ammonia in 
the liquid ammonia employed. # Tlie apparatus represented by 
Fig. 82, page 68, will tie found very convenient for the prepa- 
ration of. this compound, preparing the gas in the first bottle, 
and putting the*ammonia into the other. Its odour is extremely 
fetid and disagreeable, and its colour varies from a greenish- 
yellow to an orange tint. It is much employed as a test for de- 
tecting many of the metals. 

864. When hydrosulphurie acid and ammoniacal gases are 
brought iitfo contact with each other, crystals are immediately 
formed. The apparatus described in 297, page 95, may be used 
for this experiment. 

865. PjAjsphate Ammonia is used principally for the pre- 

paration of pure phosphoric acid, and may be obtained in the 
manner* described in 389, page 123. • 

866. Carbonate of Ammonia may be obtained, by mixing 
two measures ofmmmonia (one equivalent) with one measure of 
carbonic acid (one equivalent) over mercury ; the two gases 
immediately combine, and condense in the form of a white dry 
powder. 

867. Bicarbonate of Ammonia may be prepared, by passing 
a stream of carbonic acid gas through a solution of common 
carbonate of ammonia, till it ceases to absorb any more, mid 
evaporating the liquid by a very gentle heat. 
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868. The Subcarbonate of Ammonia of the Pharmacopoeia, 
called Sesquicarbonate of Ammonia by Mr Phillips, and usually 
sold under the name of Carbonate of Ammonia, is composed of 
carbonate and bicarbonate of ammonia. It is prepared by mix- 
ing one part of hydrochlorate of ammonia and one part and a 
half of carbonate of lime, both reduced to a fine powder, and ex- 
posing the mixture to a strong heat in an iron pot, covered by 
a dome or head, on whifh the subcarbonate condenses as it is 
sublimed ; should the carbonate of lime employed be damp, it 
Aught to be well dried before mixing it with the hydrochlorate 
of ammonia. The process is imitated most easily on the small 
scale, by exposing an ounce or two of the mixture to heat in an 
iron tube closed at one enfl, and placed horizontally, the other 
extremity being connected to glass-Jube or receiver, which is 
kept quite cold. An earthen retort may be employed for the 
same purpose. 

869. Here the carbonic acid of the carbonate unites with the 
ammonia of the hydrochlorate, and forms the carbonate of am- 
monia, the hydrochloric acid &nd lime reacting on each other, 
and producing chloride of calcium and water. This part of the 
action is shewn in the diagram. 


Fig. 185. 

Before Decomposition. 

w ,7 1 

of Aramomn, ^ ' A(M { ci ; io . M5 

, . c ( Carbonic Acid 22.12-^ 

A0.62 Carbonate of J /Oxygen 8-" 

L,,ne ’ ( Lime { Calcium $0.5 


After Decomposition. 

39.32 Car. of Am . 
-,9 Water. 


56 5hlo. of Calc. 



Symb. IIC1 + NH 3 & :C Ca = :C + NH 3 & H & CICft. 


But the product is not a pure Jbr dry carbonate of ammonia. 
It consists of carbonate # and bicarbonate, part of the carbonate 
formed losing ammonia and giving its carbonic acid to a portion 
which is not decomposed ; and if contains also a portion of water. 
It consists of two eqs. of ammonia, three of carbonic acid, and 
two of water. 

870. This salt is semitransparent when newly prepared, and 
has a crystalline texture and pungent odour ; it parts with a 
portion of its ammonia on exposure to the air, and is converted 
ultimately into the bicarbonate. It is soluble in two parts of 
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cold water. Its solution turns the vegetable colonrs to a green, 
and, when exposed to heat, part of the salt is carried away with 
•the wateny vapour that is formed. 

’ 871. The Dublin College recommends this compound to be 

prepared from dried carbonate of soda and hydrochlorate of am- 
monia, mixing them in equal weights, and heating them in an 
earthenware retort ; the product may be condensed in a glass 
Receiver. The reaction that takes plivce is precisely similar to 
that which ensues in the preceding case, substituting 53.62 parts 
of carbonate of soda for* the 50.62 of carbonate of lime repre- 
sented in the 'diagram ; chloride of sodium remains, water and 
the ammoniacal carbonate being expelled. 

872. Oxalate of Ammonia is prepared by adding the com- 
mon carbonate of ammoiya to a Solution of oxalic acid in water 
till it is neutralized. Needle-shaped crystals are obtained on 
concentrating the solution by evaporation, and allowing jt. to 
cool.' This salt is much employed to detect and estimate the 
quantity of lime in solutions. 

873. Hvdrochlokate of Aiv^onja, called also Mtjkiate of 
Ammonia or Sal-Ammoniac, is manufactured in large quantity 
for use in the arts, and it is seldom necessary to prepare it 
in the laboratdfcy. Equal treasures of hydrochloric acid and 
ammoniacal gases, however, may be mixed over the mercurial 
trough to shew its formation, of the two gases may be made to 
meet in a large glass vessel, preparing them by exposing water 
of ammonia and common hydrochloric acid to heat in retorts 
connected with it, in the manner shewn in 297, page 95.* 

874. On the large scale, this salt is obtained by steeping ani- 
mat matters in a strong solution of the hydrochlorate of magnesia, 
and expo&ng them to heat after they have been dried, so as to 
undergo a kind of sfow combustion. The hydrochloric acid 
leaves 'the magnesia, and combines with ammonia, formed by the 
decomposition of the animal mutter. This is Mr Astley's inge- 
nious process few the preparation of this valuable salt. It is also 
procured by adding hydrochloric acid to the impure carbonate 
of ammonia, obtained during the preparation of coal gas ; and 
likewise from the reaction of chloride of sodium and sulphate of 
ammonia with water, sulphate of soda and hydrochlorate of am- 
monia being formed. It is purified by repeated sublimation. 

875. Hydrochlorate of ammonia is soluble in rather less than 
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three parts of water at 60°, and produces cold during its solution. 
Boiling water dissolves its own weight of this salt, and very 
beautiful feathery looking crystals are obtained when it cools. Jt 
is sparingly soluble in alcohol. When exposed to a temperature 
above 300°, it sublimes slowly without decomposition. 

876. When equal weights of hydrochlorate and nitrate of am- 
monia are fused together between two watch glasses, the under 
glass is much corroded, *the alkali being removed, and the silica 
left. This effect is produced with the nitrate alone ; but, when 
'the nitrate and hydrochlorate are mixed* together, the effect is 
much more powerful. — (Silliman's Journal, vol. tfviii.) 


ORDER 11. — TERRIGENOUS METALS. 


CHAP. I. — CALCIUM AND ITS COMPOUNDS. 

Syrnl. Ca ; Eq . by W. 20.5. 

877. Calcium is the name gi/en to the metallic Ifase of lime, 
■which is composed of this substance and oxygen. It has been 
procured hitherto only In very small quantities, by decomposing 
carbonate of lime by a galvanic battery. The method of pro- 
ceeding is to make the carbonate into a paste with water, and 
place it on a platinum-ti^iy confiected with the positive pole of 
the galvanic battery, putting a globule of mercury in a small 
cavity on its surface, and bringing it in contact with a wire from 
the negative pole. The lime in the carbonate is decomposed, 
its oxygen being disengaged, and the calcium attracted to the 
negative pole, where it combines tvith the mercury, and forms 
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an amalgam ; by exposing this to heat, the mercury is volatilized, 
and the calcium remains. 

.878. Limk (OCa, or Ca ; Eq. 28.5 = O. 8 + 20.5 Ca) is the 
most important compound of calcium, and is usually procured 
by exposing the carbonate of lime to a red heat, when its car- 
bonic .acid is completely expelled. For many chemical pur- 
poses, the lime that is employed for mortaj* does very well ; but 
v**hen it is required in a purer form, it^ is obtained most easily 
by exposing white marble to heat it* a crucible placed in a fur- 
nace for two hours ; or, if a larger quantity should be required? 
it will be found more convenient to put a good tire in the furnace, 
and then to till it up with alternate layers of coals and white 
marble, broken into pieces not more than an inch, or an inch and 
a half thick, and from one to thi<ee or four inches long, taking 
care to build them' in such a manner, as may allow the tire to 
burn slowly and steadily. When the intervening spaces are too 
open, and the draught of the furnace very great, the fufcl is 
speedily consumed, and only the external parts of the marble 
are decarbonated ; and if a very gtrong tire be kept up for a con- 
siderable time, instead* of obtaining the lime in solid masses of 
the same form as the marble put in, it generally falls into 
powder, which fliixes with the ashes of the fuel. Carbonate of 
lime is decomposed very imperfectly in crucibles, where it is 
surrounded by an atmosphere <rf carbonic acid. If steam be 
passed over the carbonate, it favours the expulsion of the gas 
by displacing the carbonic acid, when separated from the lime. 

879. Pqre lime, termed also caustic lime, or quicklime^ c has a 

fine white colour, and an earthy appearance ; its taste is burning 
and.' alkaline ; it corrodes animal and vegetable substances, is 
easily reduced to powder, and*jmust be kept in close vessels, as it 
soon attracts water and carbonic acid from the air, crumbling 
down into a fine powder. • 

880. When water is poured %.upon lime, it combines with it 
immediately, forming hydrate of lime , and great heat is produced 
during the combination ; the compound is quite solid, though in 
the form of a bulky powder, and is usually termed Slaked lime . 
Every 28.5 parts of lime combine with 9 of water. By exposure 
to the air, the hydrate soon attracts carbonic acid, so that it is 
necessary to keep it in close vessels. 

881. Lime is sparingly dissolved by water, but in sufficient 
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quantity to impart its characteristic properties to this fluid. The 
solution, which is known by the name of Ume water , is made by 
agitating slaked lime repeatedly with water in a bottle, pouring 
off the clear liquid when the excess of lime has been deposited. 
It turns the blue infusion of cabbage to a green, and turmeric 
to a brown. It gives a precipitate of carbonate of lime with 
carbonic acid water, or hy breathing through it^with a bent tube, 
if the carbonic acid be not added in excess. (See 450-1-2.) It* 
gives no precipitate with sulphuric acid, as sulphate of lime, 
thbugh only very sparingly soluble in water, is more soluble than 
lime itself. 

882. Boil some lime- wafer in a Florence flask ; part of the 
lime is precipitated, as it is “more soluble in cold than in hot 
water. According to Dr Daltoft, one p$rt of lime requires up- 
wards of 700 parts of cold water for its solutioy, and boiling 
water dissolves little more than half that quantity. Mr Phillips 
states that 

A pint at 32° dissolves 1 3.25 grains of lime. 

60 ° ... . 11.0 

... 212 ° ... 6.7 ... * 

883. The student should now make a variety of experiments to 
render himself familiar with the natfire of lime, fhe substances 
that are incompatible with it, and the appearances presented by 
tlicir action upon it in the solid form, or in solution. Many of 
these will naturally suggest themselves ; one or two may be 
mentioned. 

884. »Pour some sulphuric acid oq a little quicklime in an 

iron cup, taking care to avoid the fumes ; sulphate of lime^is 
formed, and the heat produced by the combination is so great, 
that part of the sulphuric acid is vflatilized. This experiment 
should be made in the open air, or, the cup containing; the lime 
may be placed under the* chimney. If a little gunpowder be 
thrown upon it immediately afte* the sulphuric acid has been 
added, it will be inflamed. * 

885. Add a little carbonate of lime to diluted nitric or hy- 
drochloric acid ; the acid, unites with the lime, and the hydro- 
chlorate of lime formed remains in solution, the carbonic acid 
being disengaged with effervescence.^ 

886. Add a little sulphuric acid t<? about an equal bulk of a 
saturated solution of hydrochlorate of lime ; sulphate of lime is 
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formed, copious fumes of hydrochloric aqid are disengaged, and 
a solid mass of sulphate of lime remains. Dilute the acid and 
the solution previously with equal bulks of water, and mix them 
together, after allowing the acid to cool : the mixture becomes 
nearly solid, sulphate of lime being formed as before, and the 
water mixed with it retains almost all the hydrochloric acid in 
solution. If, ho?vever, the solution begdiluted with about 500 
or 600 parts of water, then no precipitation takes place, the sul- 
phate of lime being soluble in the (fuantity of water now present. 

887. Oxalic acid is the most delicate test of lime, the oxaldte 
of lime being less soluble in water than any of its other salts. 
Drop a small quantity of oxalic acid into lime water ; a copious 
precipitate of the oxalate of lime immediately appears. Add a 
little oxalic acid to a solution of the sulphate of lime ; a slight 
precipitate oijly appears, and, if an excess of sulphuric acid 
should have been previously mixed with it, no apparent change 
takes place. The reason is, that sulphuric acid has a stronger 
affinity for lime than oxalic acid ; if, however, ammonia, soda, 

%r potassa be added, to neutralize the sulphuric acid, then the 
Oxalic acid combines at once with the lime, and a copious preci- 
pitate appears. 

888. Hence, oxalate of ^himonia, or oxalate of potassa, is em- 
ployed in preference to pure oxalic acid for precipitating lime 
from its solutions ; and when *an excess of acid is present, it 
must be neutralized before we begin to apply our tests. 

889. But oxalic acid does not distinguish lime from baryta 
or strontia, as the oxalateg of the latter earths are also extremely 
insoluble. Where either of these may be suspected, the preci- 
pitate is to be .dissolved in dilute nitric acid, and crystals pro- 
cured b^ evaporation. Th^ nitrate of lime appears in prisms, 
is soluble in alcohol, and very deliquescent. The nitrates of 
baryta and strontia yield octohedral ’crystals, are not soluble in 
alcohol, and are very slightly deliquescent, 

890. Add a^olution of potassa, or soda, to a solution of any 
soluble salt of lime ; the alkali unites with the acid, and lime is 
precipitated. Add a little carbonate of potassa, or of soda, to 
lime water or to a salt of lime in solution ; carbonate of lime is 
precipitated, and, when the lime has been combined with an 
acid, the potassa or soda unites with it, as in the preceding ex- 
periment, and remains involution. 
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891. Add a solution of pure ammonia to a solution of a salt 
of lime, as the sulphate, the nitrate, or the hydrochlorate ; the 
ammonia does not precipitate the lime. 

Salts of Lime, Ciilortde of Calcium, &o. 

892. Sulphate of 1?ime may be formed bjf the action of di-% 

luted sulphuric acid on lifne, # or on the carbonate of lime ; but, 
as it is an abundant production of natuso, it is seldom prepared 
artificially. Anhydrite consists of dry sulphate of lime. Gyp- 
sum, Selenite, and Alabaster, are compounds of one eq. of sul- 
phate of lime and two of wfjter. Sulphate of lime is soluble in 
about 500 parts of water. It is^the most common cause of the 
hardness of spring or well water. • • 

893. Plaster of Paris is prepared by expelling the water 
with jvliieh sulphate of lime is usually combined, exposing it to a 
dull red heat for several hours, after which, it is ground to a 
fine powder, and mixed with a sufficient quantity of water t<^ 
give it a thick consistence ; the best method of doing this, is t# 
take a quantity of water, and to pour in the dry sulphate till 
most of it is absorbed ; it may then be stirred and. used before it 
begins to turn thick. The hardening arises from the water 
combining intimately with the sulphate, and forming a solid 
compound, in the same manner as when quicklime combines 
with this fluid. 

894. Sulphate of lime may be decomposed, by heating it with 
charco£& in a crucible; Sulphuret t>F Calcium is Obtained, 
while carbonic oxide is disengaged ; when this is digested in 
water, a solution of the hydrosulphate of lime is obtained. The 
reaction that takes place in both fhese cases will be easily un- 
derstood, on referring to 780 and 784, where the theory of the 
preparation of sulphuret of potassium and hydrosulphate of po- 
tassa, from sulphate of potassa by charcoal, has ^been minutely 
explained ; and diagrams representing the decomposition may 
be constructed in the same manner, only substituting calcium 
and lime, with their corresponding equivalents &c., for potas- 
sium and potassa. 

895. The Sulphurbted Hydrosulphate of Lime has been 
described in the section on bisulphureted hydrogen. 

896. Nitrate of Lime may be formed by adding carbonate 
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of lime to diluted nitric acid, the carbonic acid escaping with 
effervescence. Crystals may be obtained, by evaporating the 
solution Ito the consistence of a syrup, and cooling it slowly. It 
is very deliquescent, and is sometimes employed to abstract 
water from bodies. It dissolves in about one-fourtli of its weight 
of waiter at 60°. It is found in old mortar, and is the first pro- 
duct in the operation for preparing nitre" (761). 

897. Phosphate of Lime is most easily obtained, sufficiently 
pure for ordinary purpppes, by exposing bones to a red heat in 
an open fire, t till all the animal matter which they contain is de- 
stroyed. It is insoluble* in water, tyut, by an excess of phos- 
phoric acid, it is easily dissolved. (See 352). See also Phosphoric 
Acid. It may be dissolved also^ without being decomposed, in 
diluted nitric or hydrochloric acids. 

898. Phosp^uket of Calcium is formed, whenever phos- 
phorus is brought into contact with lime at a high temperature. 
The easiest method of preparing it, is, by throwing a piece of dry 
phosphorus into a crucible with a few fragments of lime (each 
Tlbout the size of a paa or rathe!* larger) at the bottom, and at a 
bright red heat, an assistant putting on a cover, or inverting the 
crucible immediately on a flat plate of iron, at the same time 
throwing a quantity of sand round it to close any aperture. 
The experiment may b'e made easily with 20 or 30 grains of 
phosphorus, and about 60 or 70 of lime in a small crucible. It 
may also be formed, by transmitting phosphorus in vapour over 
lime in a porcelain tube, in the apparatus shewn in Fig. 153, 
page 164; no receiver, however? is required, and a much" small- 
er ^retort should be used. A chauffer may be used in place of a 
furnace for heating the tube, Fig. 31, page 20 ; and, instead of 
heating tie phosphorus in a Retort, it may be put in at one ex- 
tremity of the tube on commencing the process, closing it im- 
mediately afterwards with clay. When the lime is sufficiently 
heated, the tube must be drawn gently a little way through the 
furnace, so thaJt the phosphorus shall now be melted and con- 
verted into vapour ; the end *at which it is introduced having 
been closed, it is forced over the heated lime. 

899. In these processes, part of the phosphorus unites with 
the oxygen of part of the lime, and the resulting compound com- 
bines with a portion of lime not decomposed. The remainder 
of the phosphorus, exceptiftg a portion which escapes, attaches 
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itself to the calcium of the lime that is decomposed, forming the 
phosphuret of calcium, which remains mixed with the first com- 
pound. From an examination of the resulting product, it has 
been considered that the calcium is united in this compound 
with two equivalents of phosphorus ; its proper appellation, 
therefore, is biphosphuret of calcium , though the other term is 
that which has been generally adopted. 

900. Carbonate of I£me is an abundant production of na-' 
ture, marble, chalk, limestone, coral, shells of shell-fish, and a 
variety of other substances, being confp'osed almost entirely of 
this compound. Carrara marble and Iceland spar sere the purest 
natural varieties of carbon&te of lime. Some of the others con- 
tain occasionally a considerhble quantity of foreign matter. It 
is precipitated from a solution df salts of lime by alkaline carbo- 
nates. It is extremely insoluble in water. But the bicarbonate 
is sparingly soluble, so that water containing carbonic acid can 
take up a little of the carbonate of lime. 

901. Hydrochlorate (Muriate) of Lime is prepared, by 
dissolving carbonate of lime in ^diluted hydrochloric acid, carfc 
bonic acid being disengaged with effervescence. On evaporat- 
ing the solution to dryness, it is converted into chloride of cal- 
cium, the hydrogen of the acid combining with* the oxygen of 
the oxide, and forming water, while the chlorine remains in 
combination with the calcium. • 


before Decomposition . 


Fig. 186. 


36.5- Hydrochloric Acid, 


{ Hydrogen '* 1 

Chlorine 35. 

28.5 Lime,: {ciUcmm 20.5. 



After Decomposition. 
.9 Water. * 


56 Chloride of Calcium. 


On putting it into water, it is supposed to be again ^converted 
into hydrochlorate of lime as it is dissolved. 

. 902. The Chloride of Calcium deliquesces rapidly on ex- 
posure to the air, has a very bitter and disagreeable taste, and 
is dissolved by about one and a half times its weight of water ; 
its solution in this fluid gives large crystals, which contain a 
considerable quantity of water of crystallization. It is also 
solul^e in alcohol, and imparts a red colour to its flame when it 
is kindled. 

903. The crystals prepared from its solution in water pro- 
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duce a great reduction of temperature, when pounded and mix- 
ed with dry snow, and are accordingly much employed for 
freezing mixtures, when a very low temperature is required. 
Instead of reducing the crystal $ to powder for this purpose, it 
is better to prepare the chloride at once in the form of a pow- 
der, by evaporating its solution till it becomes so strong, that, 
on taking out a drop on the end of a glass rod, it becomes quite 
•solid on cooling ; then it may be rei^ovqd from the fire, and, 
after allowing it to cool for a short time, let it be agitated con- 
stantly, in a large platfe or earthen mortar, till it assumes the 
form of a dry powder. This ought to be begun before any of 
the solution has consolidated ; and When the powder has been 
prepared, it must be kept carefully # excluded from the air till it 
is required for experiment. Ffom its great affinity for water, 
it is employed to* abstract the watery vapour from gases. For 
this purpose, ft is fused and broken into small fragments. 

904. Chloride of Lime is a very different compound from 

the chloride of calcium. It is employed extensively in bleach- 
ing. It is prepared on the large scale, by exposing slaked lime 
to the action of chlorine gas, which combines with it ; the com- 
bination is attended with the evolution of heat, which is vei'y 
apparent wheir the absorption of the gas proceeds rapidly. A 
solution which may be used for all tlie purposes to which this 
compound is usually applied, may be procured by transmitting a 
current of chlorine, prepared from an ounce or two of the bin- 
oxide of manganese with the proper quantity of hydrochloric 
acid (529}, through tw o ounces qf the hydrate of lime suspended 
in 12 or 14 ounces of w^ater. A similar solution may be obtained 
by^lissolving in w^ater the chloride of lime of commerce. In the 
state in which it is usually met with, it may he regarded as a 
hydrate of lime, combined with various proportions of chlorine. 
It has lately been considered as composed of a mixture of chlo- 
ride of calcium and hypochlorite of lime. * 

905, When the chloride is exposed to heat, a considerable 
quantity of chlorine is disengaged at first, which is succeeded 
by oxygen gas, a portion of chloride of calcium then being 
formed. The same change is believed to take place when it is 
kept for a long time even in the dark, and in close vessels, so 
that, on opening a bottle full of this compound which liadflbeen 
accurately closed for a considerable time, a quantity of oxygen 
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often escapes, and sometimes throws some of the chloride out of 
the bottle ; when the bottle has been kept in a warm place, the 
chlorine that is disengaged often produces the same effect, so 
that the experimenter ipust always bear this in mind, to prevent 
any of it being thrown in his eye, an accident that occasionally 
happens on taking out the cork inadvertently. When exposed 
to the air, chlorine is slowly evolved, carboiiic acid being ab- 
sorbed. # , • 

906. The solution of the* chloride of lime is applied to the 
s&me purposes as the solution of chlblrine in water. Acids 
decompose it, combining with the lime, and disengaging chlo- 
rine, It generally contaiiis an excess of lime. To obtain the 
full benefit of the chlorine In discharging vegetable colours, an 
acid must be added to it to coifibine with the lime, and set the 
chlorine at liberty. Dilute sulphuric acid, or tartaric acid, is 
generally employed. * 

9(17. As the value of chloride of lime depends on the quan- 
tity of chlorine which it contains, and as this varies consider- 
ably, depending not only on thq care used in preparing it, but 
also on the precautions taken to preserve it, several methods 
for ascertaining its strength have been proposed. One consists 
in adding a given quantity of the diluted solution to a solution 
of indigo in sulphuric acid of a known strength ; the strength 
of the chlorine being indicated -by the quantity of the solution 
which it can decolorize . — Quarterly Journal , New Series , vol. vi. 

908. It has also been proposed to ascertain the quantity of 

chlorine in chloride of lime, by* observing the quantity of nitro- 
gen gas which is disengaged, when it is made into a paste or 
cream with water, and mixed with fragments of hydrochlofate 
of ammonia ; the lime combines vyith the hydrochlori# acid, and 
forms hydrochlorate of lime, while the chlorine takes hydrogen 
from the ammonia, and 'disengages nitrogen. * • 

909. I# chloride of lime be introduced into a glass-tube full 
of mercury, and inverted in a cup or basin ofi this fluid, and 
hydrochloric acid be then introduced, hydrod&lorate of lime is 
formed, and the chlorine which is disengaged* may be measured. 
But there is no process, perhaps, so generally resorted to for 
ordinary purposes as the first. 
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-CHAP. II — BARIUM AND STRONTIUM. 

Sect. I. — Barium. 

cSymb. Ba. Eq . by W. 68.6. 
r . 4 

910. Barium is a dark grey colbured metal, which has been 
procured only in very minute portions, and by a process similar 
to what has been described for the preparation of calcium. Its 
specific gravity is greater than that of sulphuric acid. It 
quickly oxidizes in the air ; and also in water, hydrogen being 
evolved. 


Baryta or Barytes. 

ttymb. OBa, or Ija. Eq. by W. 7 6.(5 (0.8 + 68.6 Ba). 

911. Baryta is composed of one equivalent of barium and 
one of oxygen* and is accordingly represented by the number 
76.6. .It is obtained nfbst easily from the nitrate, by exposing 
it to a dull red heat in a crucible, the nitric acid being then 
completely expelled. The crucible should not be filled more than 
half full, and the heat is to be continued for one or two hours ; 
a few grains will be sufficient to shew the decomposition, but 
when it is required to crystallize the baryta, an ounce or two of 
the nitrate should be taken. 

912. Bhryta may ^lso be Obtained from the carbonate of ba- 
ryta, a| Dr Hope pointed out ; but a much higher temperature 
is required to drive off the carbonic acid, than is necessary for 
the decomposition of carbonate of lime. The carbonate should 
be reduced to powder for this purpose, and mixed with 
one-fourth part its weight of charcoal ; the mixture is then 
made into a ball,* with a little tar or other inflammable matter, 
and exposed to a full white heat in a black-lead crucible for two 
hours. 

913. Baryta is similar to lime in all its leading properties. 
It differs from it principally in being much more soluble in 
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water, producing a still greater heat when it is slaked, and 
forming salts which are less soluble than those of lime. The 
hydrate of baryta, prepared by slaking it with water, *is soluble 
in 3 parts of boiling water, and 20 of water at 60°. A saturated 
hot solution gives crystals as it coofe. They are obtained most 
easily by adding boiling water to it as soon as it is slaked, till 
the milky powder that is formed is covered with this fluid, mix- 
ing them in a thin glhss flask, capable of bearing a sudden heat. 
The crystallized hydrate contains 20 equivalents of water com- 
bined with one of baryta according to Dalton, 9 or 10 accord- 
ing to others. The solution is an extremely delicate test of 
carbonic acid. 

914. Baryta has an acrid taste, and corrodes animal and ve- 
getable substances, but its causticity is much inferior to that of 
potassa, soda, or ammonia. Its solution attracts carbonic acid 
speedily from the air, and an insoluble carbonate is precipitated ; 
carbonic acid water and alkaline carbonates produce the same 
effect. It turns the blue infusion of cabbage green, and renders 
turmeric paper brown. All it* salts, with the exception of the 
sulphate, are poisonous. 

915. The most delicate test of baryta is sulphuric acid, which 

gives a copious precipitate, whenever it is dropped into a solution 
of baryta or of any of its salts ; solutions of sulphates produce 
the same effect. Sulphate of baryta is precipitated in all these 
cases, in the form of a fine white powder. The precipitate is 
easily distinguished from sulphate of lime, as water in which 
it ha& been digested gives no precipitate with a solution of 
hydrochlorate of baryta ; whereas, if the precipitate thrown 
down had been sulphate of lime, a portion of this salt would 
have been dissolved, and on adding hyjlrochlorate \)f baryta, 
the baryta would have combined with its sulphuric agid, and 
been precipitated. It must be recollected also, that lime water 
gives no' precipitate with sulphuric acid, while barytic water 
gives a copious precipitate. ^ 

916. Binoxide of Barium is prepared by transmitting oxy- 
gen gas over baryta at' a red-heat as long as it continues to ab- 
sorb any. It has also been formed by heating carefully baryta 
with the chlorate of potassa, the baryta absorbing oxygen from 
the chlorate and leaving chloride of potassium, which is removed 
by cold water. 
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917. Nitrate of Baryta is prepared by adding nitric*acid 
to a solution of the hydrosulphate of baryta, till it ceases to pro- 
duce any •effervescence, oi*till neutralization is indicated by the 
vegetable blue, evaporating- it after it has been filtered, till 
a pellicle appears on its sufface. Hydrosulphuric acid is dis- 
engaged, and a considerable portion of it is decomposed by the 
nitric acid; a copious precipitation of sulphur taking place (328). 
fiy digesting the native or artificial carbonate of baryta in ni- 
tric acid -diluted with 8 # or 10 paAs of water, the same com- 
pound is obtained, and carbonic acid is disengaged with effer- 
vescence. Tliis salt crystallizes in octohedrons, which contain 
no water of crystallization, and are soluble in about 11 parts of 
cold and in 3 of boiling water. It is used in the preparation of 
baryta, and in producing *>ne of llie varieties of the green-light 
mixture, wbicl\ is usually composed of the following ingredi- 
ents : 


Nitrate of Baryta, .... 770 

Sulphur, ..... 130 

Chlorate of Potassa, * . . . 60 

Charcoal, ..... 30 

Metallic Arsenic, .... 20 

• « 


918. Sulphate of Baryta, or Heavy Spar, exists in consi- 
derable quantity in nature, and js formed artificially when sul- 
phuric acid and baryta are presented to each other in solution ; 
it is very insoluble in water. From it, baryta and its other 
compounds are usually prepared.^ It is converted in tlij first 
place into sulphuret of barium, by decomposing it with charcoal 
(in «the same manner as in the preparation of sulphuret of po- 
tassium), and then into hydrc^ulphate of baryta, by digesting it 
in water. The native sulphate should be exposed to a full red- 
heat aift then quenched in cold water, .that it may be easily re- 
duced to a fine powder ;* it is then mixed with a fifth part of its 
weight of powdered charcoal, and the mixture is made into a 
tough mass with a little oil, and exposed to a strong red-heat 
for two hours in a' furnace. The mass that remains consists 
almost entirely of sulphuret of barium, with a little undecom - 
posed sulphate of baryta. By digestion in water, the sulphuret 
of barium is dissolved, and a solution of the hydrosulphate of 
baryta obtained, the sulphuret reacting on part of the water 
in the manner described in 784. If a strong solution of the 
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hydftosulphate be made, crystals will be deposited as it cools ; it is 
very soluble in water. 

919. Carbonate of Baryta is vejjr insoluble, like’the other 
earthy carbonates, and effervesces with the stronger acids. It 
exists native (Witlierite) ; but, whep required in a minute state 
of division, it is usually prepared by adding a solution of an al- 
kaline carbonate to a solution of the hydrosylphate, or of any 
other soluble salt of baryta. The carbonic acid of the carbonate 
unites with the baryta, white the acid previously combined with 
it goes to the alkali, and forms a salt which remains in solu- 
tion. 

920. Hydrochlorate ’(Muriate) of Baryta maybe pre- 
pared in the same manner as the nitrate. When the carbonate 
of baryta is employed, the hydrochloric acid may be diluted with 
five or six times its bulk of water, 'and the carbonate in fine 
powder added to it as long as any effervescence takes place, di- 1 
gesting it afterwards till the solution becomes quite neutral. It 
is much employed as a chemical test, chiefly to detect the pre- 
sence of sulphuric acid. Whev evaporated to a pellicle and set 
aside to crystallize, tabular crystals arc formed, composed of one 
equivalent of the hydrochlorate of baryta and one of water. 
They are soluble in two and a haif parts of water at 60°, and 
about one and a fourth at 222°. When exposed to a red-heat they 
are converted into chloride ot * barium. Symb. HC1+ *Ba = 
H & CIBa. 


Sect. II. — Strontium. a 

Symb, Sr. Eq, by W, 43.8 ,* BeseJnbles Bqrium , and is procured 
in a similar manner . 

i 

y 

Strontia. 

Symb . OSr or 'Sr., Eq, by W, 51.8 (0.8 + 43.8 Sr). 

921. This earth bears a great resemblance in all its leading 
chemical properties to baryta, and its compounds may be pre- 
pared in the same manner as those qf baryta. It was discovered 
by Dr Hop®. Strontia is generally prepared from the carbo- 
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nate, by reducing it to powder, mixing it with some chafeoal, 
and exposing it in a crucible to an intense heat in a smith’s 
forge. ' 

922. Baryta and strontia are distinguished easily from each 
other, by their action on inflammable matter in a state of com- 
bustion. If a small crystal of the hydrochlorate or nitrate of 
strontia be put upon the wick of a burning candle, or if it be 
Couched with a glass-rod which has been dipped into a Solution 
of a salt of strontia, the flame immediately becomes of a rich red 
colour. Baryta and its salts communicate only a faint yelloVy 
colour with a* tinge of green to flame, so that its action is in 
general scarcely perceptible. The red colour produced by stron- 
tia disappears when the salt becomes quite dry, but may be 
made to return by touchijig it with a rod dipped in water. Also, 
sulphate of strontia is more soluble than the sulphate of baryta, 

* so that while baryta is completely precipitated by an alkaline 
sulphate, some sulphate of strontia would remain in solution, 
and give a precipitate with an alkaline carbonate. 

923. The mixture £or the red-light used for fireworks is com- 
posed principally of dry nitrate of strontia, which ought to be 
freed from any water of crystallization, of which it contains a 
large quantity, "before it is hiixed with the other ingredients. 
These are principally sulphur, charcoal, and nitre ; or, sulphur, 
sulphuret of antimony, and chlorate of potassa. The nitrate 
ought also to be carefully purified from any nitrate of iron, a 
very deliquescent salt ; this is easily effected while the nitrate 
is in solution, by adding abortion of caustic strontia till the li- 
quid becomes slightly alkaline, any excess of strontia being re- 
moved afterwards by a stream of carbonic acid, which precipi- 
tates it in*the form of carbonate of strontia. 

Whop qjilorate of potassa is used, it should be added after all 
the other ingredients have been thoroughly mingled and re- 
duced to the finest powder, mfxing it merely on paper. The 
following mixture has been much employed in making red- 
light, being easily prepared f the smoke presents a purplish 
tint. 


Nitrate of Strontia, .... 400 

Sulphur, .130 

Charcoal ..... 0 

Sulphuret of Antimoify, ^0 

Chlorate of Potassa, ... 50 
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CHAP. Ill, — MAGlffESIUM. 

Symb. Mg. Eq. by W. 12.7* 

924. Magnesium is the metallic base of ntagnesia, the most 
important of its compound^. Magnesium has been obtained 
only in very small quantities, and by the same process as cal- 
cium and barium, to which it bears a considerable, resemblance. 
Bussy has prepared it, by passing potassium in vapour over the 
chloride of magnesium. 


Magnesia. * 

JSymb. OMg or Mg. Eq . by W. 20.7 (0.8 + 12.7 Mg). 

925. To prepare magnesia, the carbonate is exposed to a red- 

heat in a covered crucible, for an hour or two ; when a small 
quantity is employed, as half an ounce or an ounce, the carbonia 
acid is completely expelled in half an hour, if the temperature 
be not allowed to decline. Magnesia may be obtained also, 
by adding a solution of caustic potassa or soda to a solution of 
any of its salts, the alkali uniting with the acid of the magne- 
sian salt, and forming a compound which remains in solution, 
while the magnesia is precipitated. * It must then be washed 
on a filter, by repeated affusions of water. * 

926. Throw a small quantity of magnesia into a-glass con- 

taining sulphuric acid, diluted with three times its bulk of 
water. If it contain no carbonic acid, it will be completely dis- 
solved without effervescence, on stirring the liquid with a glass 
rod. i 

927. Mix another portion of ntagnesia with an ounce or two 
of the blue infusion of, cabbage ; it will be rendered green in 
the same manner as by a solution of an alkali or alkaline earth. 
Water with which magnesia has been shaken does not produce 
this effect, very little being dissolved, as magnesia requires a 
large quantity of water for its solution. Upwards of 5000 parts 
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are necessary, according to Dr Fyfe, to dissolve one of magnesia 
at natural temperatures. 

928. Magnesia is easily distinguished from the preceding 
earthS, by forming a very soluble compound with sulphuric 
acid (sulphate of magnesia), and by its comparative insolubility 
in water. Its salts likewise give no precipitate, when in solu- 
tion, with the common carbonate of ammonia, but, on adding 
a little phosphoric acid or phosphate of soda, a copious white 
precipitate, composed of t phosphoric acid, ammonia, and mag- 
nesia, is thrown down. Its salts, when diluted, give no preci- 
pitate with oxalate of ammonia. 

929. Sulphate oy Magnesia, or Epsom Salt, may be pre- 
pared by adding carbonate of magnesia to sulphuric acid diluted 
with four parts of .water,# till it is completely neutralized, eva- 
porating the solution afterwards till crystals are formed when a 
drop of the liquid is taken out on a glass-rod ; it may thej be 
set aside to crystallize. It is soluble in its own weight of cold 
water, and in fths of its weight of boiling water. 

930. On the large scale, it is prepared from bittern, the liquid 
that remains after most of the common salt has been obtained 
from sea-water Jby evaporation ; it is boiled to separate an addi- 
tional portion of common sa ft and part of the water, crystals of 
sulphate of magnesia befog deposited as it cools, which are pu- 
rified by repeated crystallization! It is also prepared from mag- 
nesian limestone (a compound of carbonic acid, magnesia, and 
lime), a mineral that is found in large quantities in different 
parts of this country, by digesting the mineral in dilut&l sul- 

. phuric acid. 

931. The sulphate of magnesia of commerce is sometimes 
mixed witli a little hyflrochloihte of magnesia, derived from the 
bittern fr<vn which it is prepared. It renders the salt deliques- 
cent, and may be easily detected by pouring sulphuric acid on 
it, and holding over it a rod (Tipped in water of ammonia, hy- 
drochloric acid Wing disengaged by the sulphuric acid, if any 
hydrochlorate be mixed with The salt, and forming white fumes 
with the ammoniacal gas arising from the water of ammonia. 

932. Carbonate of Magnesia, called also Subcarbonate of 
Magnesia, is prepared by decomposing sulphate or hydrochlo- 
rate of magnesia by carbonate of potassa or soda. The carbo- 
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nate of soda is more frequently used than the former, as it is 
usually obtained in a purer state ; 143.62 grains of the crystal- 
lized carbonate of soda decompose 123.8 of the crystallized sul- 
phate of magnesia. The salts must be dissolved separately in 
five or six times their weight of boiling water. 

933. In this process, the carbonic acid of the carbonate unites 
with the magnesia of the sulphate, forming £he carbonate that 
is precipitated, the sulphuric acid combining with the soda and 
remaining in solution. The'mixture should be boiled for a short 
time before it is allowed to cool, ancf the bulky precipitate of 
the carbonate is to be washed with pure water, to remove any 
adhering sulphate, spreading it on a linen filter. 

934. The Bicarbonate* of Magnesia is prepared by trans- 
mitting a stream of carbonic acid through carbonate of magnesia 
suspended in water ; it is soluble in about 50 parjs of water, and 
the solution is known in commerce by the name of Aerated Mag - 
nesia Water. 

935. To prepare a small quantity of this liquid, put some car- 
bonate of magnesia in fine powder into a bottle, and fill it nearly 
two-thirds full of carbonic acid water. On shaking them to- 
gether for some time, and filtering the liquid, it will be found 
to contain bicarbonate of magneshf in solution. 

936. Expose part of the solution to heat till the excess of 
carbonic acid is expelled ; the Jiquid will become quite turbid, 
the carbonate being again deposited. 

937. Hydrochlorate of Magnesia (chloride of magnesium 
when - perfectly dry) is extremely deliquescent. If* exists in 
some saline springs, in sea-water, and very largely in the liquid 
that remains after sulphate of magnesia has been extracted 
from bittern (930). 


CHAP. IV. — ALUMINUM. 

Symb. Al. Eq . by W. 13.7* 

938. Aluminum has been prepared by Wohler, whose pro- 
cess is described in Brewster’s Journal, vol. ix. p. 117-18. It 
burns when exposed to a red-heat in contact with air, and 
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becomes alumina. At natural temperatures, it does not readily 
oxidize in air or water. 

Alumina — (Sesquioxide of Aluminum). 

Symb. 0*A1* or :A1*. Eq. by W. 51 A (0.24 + 27.4 Al). 

r| 

939. Alumina is procured by adding* an excess of carbonate 
of potassa to a solution of alum (a Compound of sulphuric acid, 
potassa, and alumina). The precipitate is hydrate of alumina. It 
is to be well washed with hot water, redissolved in diluted hy- 
drochloric acid, and again precipitated by ammonia or carbonate 
of ammonia. It is to be washed again and dried. Then, on ex- 
posing it to a full yed-heat, the water is expelled, and dry alu- 
mina remains. c 

940. lly another process, pointed out by Guy-Lussac, it may 
be procured more easily. Ammonia-alum (sulphate of alumina 
and ammonia) is heatbd to a full red-lieat, by whioh the water of 
crystallization, and thp ammonia and sulphuric acid, are dissi- 
pated, and alumina remains. 

941. By simply adding ammonia to solution of alum, the greater 
part of the alumina is precipitated, still mixed, however, with sul- 
phate (or sub-sulphate) <5f alumina and sulphate of potassa. 

942. Alumina is destitute of* taste or smell, colourless, inso- 

luble, and does not affect the vegetable blues. It has a great 
attraction for water, which it quickly absorbs from the air, in 
considerable quantity. It* is distinguished by its cohesireness 
and^plasticity, from which it is the basis of those earthy com- 
pounds or clays employed for manufacturing porcelain, pottery- 
ware, &c . % It is also jnuch employed as a mordant in dyeing 
and calicQ-printing, having an affinity both for fibre of cloth 
and organic colouring matters, by whiih it binds them to each 
other, or fixes colours. * 

943. Boil a lfttle of the precipitated alumina in an ounce or 
two of a solution of caustic pfbtassa till it is dissolved. If the 
alumina be pure,* it will be completely dissolved, a character 
which distinguishes alumina from the preceding earths. Alu- 
mina is precipitated from its salts by ammonia and the alkaline 
carbonates ; and also by soda or potassa, either of the latter re- 
dissolving the precipitate when added in excess. 
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944. Sulphate of Alumina and Potassa, or Alum. This, 
the most important compound of alumina, is largely manufactured 
in this country. Alum-slate, containing much aluminous earth 
and sulphuret of iron, is roasted, by which the latter compound 
is oxidized ; and on lixiviation, sulphates of alumina and of 
iron are procured. The latter is separated by evaporation and 
crystallizing ; and a salt of potassa (hydrochlorate or sulphate) 
being then added to the solution, sulphate of aluihina and potassa 
is formed, which is procured crystallized in octohedrons. 

945. Alum has an acid and astringent taste, with a slight 
degree of sweetness. It is soluble in five parts of water at 60°, 
and in a little more than ifs own weight of boiling water. It 
reddens litmus. Its crystal^ contain nearly half their weight 
of water of crystallization. Alupi is decomposed by alkalis and 
alkaline carbonates, and other salts which give insoluble preci- 
pitates with sulphuric acid. By a red or white heat, all its acid 
is expelled. 

946. Alum generally contains a small quantity of peroxide of 
iron. This may be separated by repeated crystallization. The 
alum manufactured at Tolfa in 'Italy, is said to be free from 
this impurity. 

947. The Alumen Exsiccatum or Ustum of the. different Col- 
leges is merely alum deprived of its water of crystallization by 
exposure to heat. A small quantity may be easily prepared by 
placing an ounce- of alum in an iron cup, and heating it over a 
chauffer. The heat must be continued till it ceases to boil and 
has become quite solid, when it is’ obtained in the form of a 
light, friable, spongy mass. 

948. Soda-alum, ammonia-alum, and other varieties of alum, 

may be prepared by substituting a salt of soda, or ammonia, as 
it may be, for the salt of potassa used in preparing the common 
alum. Also, an Iron-alufti may be made, in which peroxide of 
iron replaces the alumina, using a sulphate of the peroxide of 
iron in place of sulphate of alumina. # 

949. A p yrophoru s is easily prepared, by mixing alum with 
sugar and exposing it to heat. Different proportions have been 
recommended ; three of alum to one of sugar do very well. Two 
or three ounces of the mixture should be taken and melted in 
the first place over an open fire in an iron ladle, continuing the 

heat till most of the water of crystallization which the alum con- 

> 

s 
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tains shall have been expelled, and the mass have assumed such 
a consistence, that it may be easily reduced to powder ; it must 
be stirred constantly the whole of the time with an iron rod or 
spatula,* and prevented from adhering to the sides of the iron 
ladle. It is then reduced to powder, and exposed to a red heat 
in a small iron bottle or tube-retort, till the gas which is disen- 
gaged begins to burn with a pale blue flame, a short time after 
which, it is to b& removed from the fire, and the mouth of the 
vessel plugged up with a little well forked clay till it becomes 
cold, replacing it then, jyith a cork, and making it air-tight with 
gas lute. 

950. This substance inflames in f atmospheric air at natural 
temperatures, and burns brilliantly Jn oxygen. Small quantities 
should be used at a time, and t^e cork of the iron bottle ought 
to be replaced, whenever as much as may be required is taken 
out, as it is sgon destroyed by exposure to the air. During its 
preparation, part of the carbonaceous matter of the sugar decom- 
poses the sulphuric acid, the potassa, and the alumina, so that 
the product may be Regarded as a sulphuret of aluminum and 
potassium, mixed with the renftiinder of the carbon of the sugar. 
Some are inclined to believe that a small quantity of potassium 
is set free, and that its inflammable properties depend more upon 
this, than upon the minute state of division in which the carbon 
is obtained ; but the sufphuret of potassium is generally believed 
to be the active ingredient. * 


CHAP. V.— SILIOUM. 

81 /mb. 8? Eq. by W. 22. 

< 

951. This body is sometinyes classed among the non-metallic 
elements, to s$me of which, as boron, sulphur, it bears a con- 
siderable resemblance in its general chemical relations ; while, 
being destitute of the characteristic metallic lustre, and a non- 
conductor of electricity, it differs considerably from the metals. 
Berzelius prepares it by the action of heat upon a mixture of 
potassium with the fluoride of silicum and potassium. It is a 
dark solid, of a brpwnish^colour, incombustible, and not easily 
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oxidated, except by deflagration with the carbonate of potassa 
or soda, when it becomes silica, and remains in union with the 
alkali. 


Silica; (Oxide of Silicum , Silicic Acid , or Siliceous Earth.) 

Symb. OSi, or Si. . Eq. by W. 46 (0.24*+ 22 Si). 

• 

952. This earth is the most abundaitf compound in nature, 
sandstone, flint, and quartz, consisting almost entirely of silica, 
while it enters largely into the composition of most other rocks 
and minerals. It is hard, tasteless, perfectly insoluble in water, 
except when presented to it in iftie nascent state, and unaltered 
by heat under that of the oxyhydrogen Llowpife, by which it is 
fused. When separated from a solution of somfc of its com- 
pounds, it appears as a gelatinous hydrate. It is now generally 
considered to resemble an acid in its chemieal relations ; and its 
compounds with the alkalis are ^pcordingly termed silicates. 

953. The purest silica is procured by exposing transparent 

and colourless rock-crystal to a red heat, and throwing it in that 
state into cold water, that it may b« easily reduced to powder. 
Flint or common quartz, similarly treated, gives a nearly pure 
silica. The silica which is precipitated when fluosilicic gas is 
passed into water (692) is extremely pure ; and the silica pro- 
cured, as described in par. 954, is very nearly pure, presenting 
only a .very slight trace of alkali. For ordinary experiments 
with this substance, purified Lynn sand may be employed, which 
can be obtained from most flint-glass manufactories. • 

954. Combined with a certain proportion of fixed alkali, silica 
becomes soluble. Separated by an acid from its combination 
with an alkali, the silica "remains in solution if the fiqmid be 
very dilute, water dissolving it in the nascent state. If the solu- 
tion be evaporated to dryness, the silica becomdfc perfectly in- 
soluble ; the salt mixed with it may be removed by lixiviation, 
and on exposing the hydrate of silica remaining to a red heat, 
the water is entirely expelled. 

955. Glass id^the most important compound of silica, and is 
prepared by fusing it along with a fixed alkali. This compound 
varies very much in its properties according to the purity of the 
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materials employed, and the proportions in which they are mixed. 
Other substances also are added, to improve its quality, and ren- 
der it fty for a variety of purposes to which it is otherwise inap- 
plicable ; thus, a small quantity of the binoxide of manganese 
removes the green tint which it otherwise usually presents ; the 
oxide of lead renders it more fusible, and improves its lustre ; 
and nitre removes any carbonaceous impurities, 
r 956. Fuse three parts of Lynn sand (purified previously by 
washing it with water and exposing it to a red heat) with one 
part of purified carbonate of potassa in a crucible, placing it in 
a furnace so that & may be exposed to a very strong heat. A 
transparent brittle glass is obtained, -quite insoluble in water, and 
having usually a greenish tinge, derived from a minute portion 
of iron in the materials or in the crucible. The sand and the 
carbonate should*be well mixed together, and the crucible should 
not be more than a third full, placing it on a piece of brick so as 
to rest an inch and a half above the branders of the furnace ; a 
cover should also be placed loosely over it. The glass is formed 
by the silica of the sand uniting with the potassa, the carbonic 
acid being disengage'd. About 800 or 1600 grains of materials 
give a very good specimen of glass. 

957. Fuse ^another portion of the same materials with one or 
two grains of the binqxide of manganese. The glass will be 
found to have acquired a light tinge of purple, and to be free 
from the green or greenish-yellow tinge which the iron commu- 
nicates. When glass becomes purple from too much manganese 
being employed, the purple tint is removed by thrusting a stick 
of wood into the pot witli the fused glass, the manganese being 
deprived of part of its oxygen by the carbon. 

958. 4n another crucible, fuse three parts of the carbonate of 
potassa with six of tfre red oxide of lead and ten of sand. The 
mixture ^nelts at a much lower temperature than the former, 
and the glass formed is of the same nature as the flint-glass pre- 
pared at the different glass-works. The same materials, with 
the addition of a small quantity of manganese, give a rich purple- 
cqjpured glass, and with the oxide of cobalt, it may be obtained 
of a fine blue colour. See par. 967. 

959. Fuse one part of sand with three of thP carbonate of po- 
tassa, and pour the liquid on an iron plate after all effervescence 
has ceased. The compound procured in this manner has the 
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same appearance as glass, but it deliquesces speedily on exposure 
to the air. It is usually called .Silicated Potassa. .In this 
case all the carbonic acid of the alkali is not expelled, and its 
solution effervesces on the addition of acids. It must be kept 
in close vessels. It is soluble in water, forming the liquor silicwm . 

960. Add some sulphuric or hydrochloric acyl to a solution of 
silicated potassa ; the acid unites with the alkali, and the silica • 
is precipitated as a hydrate, in combination with a part of the 
wdter. When the solution is very dilute, the silica, though 
separated from the alkali, is not precipitated* (954).* 

961. Add a solution of the hydrochlorate of ammonia to a 
solution of the silicated potassa ; the hydrochloric acid combines 
with the potassa, and the whole*of the silica is precipitated, and 
is not in this case liable to be redissolved. (Faraday.) 

962. A variety of soap, called Flint-Soap, has lately been 
prepared, containing silicated soda in addition to the usual in- 
gredients. This is considered to improve the detergent pro- 


perty of the soap, and is said to gender it capable of mixing with 
salt water, so that it might be employed for washing at sea. 

963. The materials used for the various kinds of glass are as 
follows : The proportions vary somtfwhat in diffei^nt works. 

• 

COMMON BOTJLE GLASS. 


Common Sand, .... 

100 

Kelp (or soap-makers' waste), . 

30 

Lixiviated earth of wood-aslies, 

160 

Fresh wood-ashes, . • . ^ 

30 

Brick-clay, 

80 

Fragments of Glass, 

100 

CROWN OR WINDOW GLASS. 


Soda (carbonate), 9 .... 

200 

Fine Sand, . . 

300 

Lime, ....*. 

33 

Fragments of Glass, 

. f 250 

PLATE-GLASS. 


Soda, 

200 

Fine SKtnd, 

300 

Lime, . . ... 

30 

Manganese, 

2 

Cobalt azure, . . • . 

0.18 

Fragments of fine glass, 

300 
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FLINT-GLA8S. 



Purified Pearl ash, . 

, 

40 

Fine Sand, . 

. 

120 

Litharge (oxide of lead). 


35 

Nitre, 

Manganese, a very little. 

• 

13 




964. The fine glass called Flint-Glass , was formerly prepared 
with ground flint (prq^ously calcined) instead of sand, whence 
the name which it still retains. A fine white sand, procured 
from Lynn in Norfolk or Alum Bay in the Isle of Wight, is used 
for the finer kinds of glass. It is for flint-glass only that oxide 
of lead is used. 

965. A specimen of flint-glass, analyzed by Dr Faraday, was 
found to contain — 


Silica, 51.93 

Oxide of Lead, 33.28 

Potassa, . . ^ . . . 13.77 

and a fractional part of alumina, and of the oxides of iron and 
manganese. a The above proportions are nearly those of one eq. 
of oxide of lead, one of; potassa, and four of silica, so that, con- 
sidering the silica to perform the function of an acid, this glass 
might be regarded as a compound of bisilicate of lead and bisi- 
licate of potassa. 

966. Though flint-glass is quite insoluble in water in the state 
in which it is usually obtained, it may be dissolved in small 
quantities, if reduced to a very fine powder, and it then com- 
municates a green colour to the blue infusion of cabbage. In 
specimens of glass, reduced to an impalpable powder at the glass- 
works*h£re for analysis, test-paper was rendered green imme- 
diately, on rubbing it with a little of the glass and water. 

967. Glass ts coloured of various tints by metallic oxides. 
Iron gives a green, yellow, of brown, according to the degree of 
oration. Copper gives a green, or a red when partly deoxi- 
dated by mixture with tartar. Manganese gives various tints, 
from purple to black. Cobalt gives a fine blue. Antimony a 
yellow. Silver a yellow. Cobalt and antimony a green. Gold 
(the purple of cassius is used) communicates a rich ruby colour. 
Chrome gives green or red, according to the degree of oxidation. 
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In the above cases, the depth of the tint is in proportion to 
the quantity of colouring matter. Enamel is glass rendered 
white and opaque by oxide of tin. Paste is formed from rock- 
crystal or fine sand, oxide of lead, potassa, and borax. 

968. Berthier has remarked, that many mixtures of different 
salts are much more easily fused on exposure to Aeat, than either 
of the salts separately. Five parts of carbonate of potassa be- 
come so fusible, when mixed With four of carbonate of soda, that 
the* mixture is rendered quite fluid, when 'heated in a small cru- 
cible. When a little siliceous matter is thrown info this fluid, 
carbonic acid is rapidly dis'engaged with effervescence, and a 
vitreous compound is obtained. Berthier has proposed to use 
this mixture for fusing siliceous minerals to prepare them for 
analysis. 

969. A platinum crucible is constantly employed in the ex- 
amination of siliceous compounds. One of the size shewn in the 

Fig. i87. annexed figure (187) wifi be found well 

adaptedifor the greater number of pur- 
poses to which it is applied ; but much 
smaller crucibles are frequently used. 
It should n<5t be more than a third full, 
with materials t4iat have any tendency 
to effervescence. In heating it, a char- 
coal fire alone should be used, or gase- 
ous inflammable matter, as a mixture 
of gas and aii; ; when heated i» contact 
with cinders, a portion of slag or fused 
ashes often adheres to the side, by whith 
it is much injured j and cannolfthen be 
treated freely with acids in extracting materials heated in it. 
But for all ordinary purposes, the spirit of wine lamp is preferred, 
from the facility with which it is \nade to evolve a steady and 
uniform heat, without, in any way, soiling the crucible. With 
a powerful spirit-lamp, having a hollow cylindrical wick, any 
elevation of temperature, such as may be required in analytical 
operations, may easily be obtained. 

970. The platinum crucible, when warm, should never be 
touched with any tongs or pincers having the slightest coating 
of antimony, tin, or lead, as these metals combine with platinum 
at a high temperature, and form very fusible compounds. 
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971. In using the platinum crucible for the fusion of siliceous 

compounds, alkaline carbonates are usually employed. When 
caustic potassa is used, the platinum cruci- Fig. 188 . 

ble is apt to be corroded. A silver crucible 
is accordingly employed where the siliceous 
compound requires the use of the caustic 
alkali. * 

972. A very convenient methdd of using 
the spirit of wine, where a high tempera- 
ture is required, has been introduced by Mr 
Trevelyan. It consists in expelling it from 
a small copper vessel or boiler, about fdhr 
or five inches in diameter, the vapour being 
made to pass through an argand burner, 
such as is used for gas, and the crucible sus- 
pended above it, as in Fig. 188. The in- 
tensity of th£ flame is regulated by the 
power of the lamp with which the boiler is 
heated. 


973. Glucinum, Ityrium, Zirconium, and Thokinum, are the 
metallic bases of the earths Glilcina, Ittria, Zirconia,and Thorina. 
Glucina is found in the beryl and in the emerald ; Ittria was dis- 
covered by Gadolin in a mineral now called Gadolinite ; Zir- 
conia by Klaproth in tl^e ziroon of Ceylon ; and Thorina was 
discovered a short time ago by Berzelius ( Jameson's Journal , 
Cfctober 1829). As none of these, however, are likely to be 
made tlfe subject of experiment by beginners, it will be unneces- 
sary to say more of them in this place. 
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I.— COMMON METALS WHOSE OXIDES CANNOT 
BE REDUCED BY HEAT ALONE. 


CHAP. I— IR*ON. # 

tiymb. Fe. Kq. by W. 28. Sp. gr. 7.7 Cast-iron is fused at 
2786° ,* Pure iron ( malleable iron ) requires the highest heat of 
a smith's forge to melt it J 

974. Iron is procured by extracting it from its ores, earthy 
compounds which are very abundant, while native iron is very 
rare, few well authenticated specimens having been seen, ex- 
cept those of meteoric origin ^ and even these are rarely met 
with. Meteoric iron is generally soft and malleable (985), and 
contains a little nickel and cobalt. 

975. The ores from which # iron is procured are oxides or car- 
bonates of iron. From its oxides, iron is extracted by heating 
it intensely in a blast furnace (979) along with charcoal. Iron 
of a superior quality is procured from the oxides,* and wood 
charcoal is always employed to reduce them. In some English 
furnaces, the peroxide or red oxide (haematite) is employed. In 
the Swedish iron-works, from which a very fine quality of iron is 
procured, the black oxide of iron , or magnetic iroh ore , is employed. 

976. In this country, almost all the iron is procured from the 
clay iron-ore, an earthy compound containing varying pro- 
portions of iron, in the state of oxide (protoxide). It contains 
also a quantity of alumina, from which this ore derives its name, 
a little silica, and minute quantities of sulpliuret of iron, man- 
ganese, &c. The following table .represents the chemical com- 
position of several kinds of clay iron-ore in use at the Clyde 
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Iron- Works near Glasgow, as given by Dr Colquhoun in Brews- 
ter's Edinburgh Journal, 1828. 


Protoxide of Iron, 

53.03 

47.33 

35.22 

Carbonic Acid, 

35.17 

33.10 

32.53 

Silica, 

1.40 

6.63 

9.56 

Alumina, ** 

0.63 

4.30 

5.34 

Lime, 

3. # 33 

2.0 

8.62 

Magnesia, 

. 177 

2.2 

5.19 

Peroxide of Iron, 

0.23 

0.33 

1.16 

Bituminous Matter, 

3.03 

1.70 

2.13 

Sulphur, * 

0.0 

0.22 

0.62 

Oxide of Manganese, 

0.0 

0.13 

0.0 

Moisture and Loss, 

rl.41 

^ 2.26 

0.0 


* 100 + 

100 + 

100 + 


The protoxide of iron contains 28 parts of iron and 8 of oxygen, 
or 7 of iron to 2 of oxygen. The carbonic acid may be in urfion 
partly with the protoxide of iron as carbonate of iron, partly 
with the lime as carbonate of lime. The two first are the most 
valuable iron-ores in the field in the west of Scotland. The 
third is the least valuable of that field that is worth working. 

977. The first operation in f the process for extracting metallic 
iron from the clay iron-ore, is roasting it ( or calcining it ). The 
ore is spread out on the ground pi beds, three or four feet high, 
and many feet long and broad, being mixed with alternate 
layers of coal or other inflammable matter. Sometimes there is 
so much carbonaceous matter in the ore, that little requires to be 
added. The mass is then set fire to and allowed to bum as long 
as itwill, which is generally about a week or two. After being 
thus roasted, the ore is found to have diminished considerably in 
weight (from about 20<to 35 p'er cent). The carbonic acid has 
been expelled, and also any sulphur which the ore may contain. 
Part of the oxide has passed to {he state of peroxide, as is shewn 
by the red colour and the ore is rendered brittle, by which it is 
more ready to be broken down and act with the materials it 
meets in the furnace. 

978. The roasted ore is then mixed with the proper propor- 
tions of charcoal, coke, or raw coal, and limestone, and put into 
the blast furnace. In some English iron-works, where the ore 
contains lime , and little alumina , clay or some compound con- 
taining alumina is substituted for limestone ; and in some cases, 
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by mixing a clay iron-ore with a lime iron-ore, each kind of ore 
furnishes the ingredient necessary for reducing the ojher, and 
then the two ores with the carbonaceous matter alone are put 
into the furnace. In the same way, sand is added, if there be 
too little silica in the ore. The nature and proportions of the 
fluxes added must vary with the composition of the ore. In the 
Scotch furnaces, limestone is almost invariably employed. * 
979. The following figure (189) will give a general idea of 
• » • 

Fig. m. 



the construction of a Blast Furnace. It may be compared to 
an immense crucible, made of solid masonry, and lined interiorly 
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with successive layers of bricks made of the most infusible fire- 
clay. It is usually about 50 or 60 feet high, and its internal 
capacity may be about 5000 cubic feet. It somewhat resembles 
two cones of unequal size joined by their bases. The materials 
are put in at the top, and a pit or trough at the bottom receives 
the melted metal J, which is run out into a bed of sand every 
'eight or twelve hours, by tapping the furnace at the bottom. 
The fused earthy matters (called slay or sconce) that collect above 
the metallic iron, are rcfn off more frequently, by an aperture 
higher up in -the furnace. 

980. A blast furnace differs from a. common air furnace in be 7 
ing supplied with air for the combustion of ^the fuel by a pair of 
bellows, which pour in air mora rapidly than it could enter by 
the draught arising from' the external pressure on the column of 
heated air, am i thus a more rapid combustion and more intense 
heat are procured. The blast furnace in which iron is prepwed 
has no furnace-bars or branders, and the air is supplied and 
forced through the mass of fuel, ironstone, and limestone, by 
large and powerful bellows, worked by a steam-engine. 

981. In Fig. 189, d d represent the pipes of the bellows, the 
extremities of which are called tuyeres , entering near the bottom 
of the furnace. There f is frequently a space left between the 
fire-brick and stone-work, or between two layers of fire-brick, 
which is filled with charcoal or sand, the better to confine the 
heat. Sometimes the stone-work is dispensed with, the furnace 
being constructed solely of fire-brick, bound firmly by bars of 
iron all round. There is & gallery all round the top at p ; and 
the materials are raised there by machinery, *end thrown in by 
a door at to. Immense volumes of flame rise out of the furnace 
top. The gases which give rise to these flames, the slag, and 
the metallic iron, are the products of the operation. 

982. By the combustion of thp coal, intense heat is produced, by 
which the cohesion of the particles is loosened, and thereby they 
are enabled to act upon each qther, and the whole is fused, per- 
mitting the heavy metallic iron to fall through the liquid mass 
to the bottom. The hydrogen and carbon of the coal deoxidate 
the iron-ore, forming with its oxygen and with the oxygen of 
the air forced in, carbonic acid and watery vapour, which fly out 
at the top of the furnace. The lime of the limestone acts as a 
flux, uniting with the earthy matters of the ore and rendering 
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them fusible. The dag, which collects above the melted iron 
and is run out at an aperture above it, consists of the lime 
and earthy matters of the ore, united into a fusible compound, 
which soon cools and hardens into a semi-vitreous mass. Lime, 
though very infusible alone, is readily melted by heat when 
united with silica or alumina. The proportions^ of the different 
products vary in different works and with different kinds of 
ore. With one variety. of ore in an English furnace, 36 tons' 
of materials gave 6 of pig-dron, about 16 of slag, and 14 tons 
were dissipated in the gaseous form at the top of the furnace. 

983. A very great improvement, in an economical point of 

view at least, has lately been effected in the iron manufacture 
by the use of the Hot Blast. This consists in heating the air 
before it enters the furnace. This is done by causing the air to 
pass in contact with highly heated surfaces before it enters the 
pipe of the bellows. The pipes x x, Fig. 189; made of cast- 
iron, are heated by a small furnace to near a red heat, and the 
air passes through them before reaching the tuyeres. The air is 
heated by many varieties of apparatus, with the view of econo- 
mizing the fuel. The hot air contributes to the development of 
the heat from the fuel the moment it enters the furnace ; where- 
as the cold air, as it cannot support combustion" till its tempe- 
rature becomes considerably elevated, robs the materials of part 
of their caloric, and thus there 4s a much less intense heat than 
where the air has been previously raised to the necessary tem- 
perature. Accordingly, by the use of the hot air, the iron is 
extracted with the aid of a much smaller quantity of fuel than 
formerly. Also, it is used in the state of raw coal, not being 
previously forme3 into coke, as was done before the hot blast 
was introduced.* It has been said that the iron procu/ed in this 
manner is not possessed of the same strength and tenacity as 
that formed by the cold iiir ; but from experiments lately insti- 
tuted, there is reason to believe that there are no grounds for 
this opinion. ' 

984. The iron thus produced is Pig-iron, or Cast-iron. It 
is not so tenacious as pure iron, and is rather brittle ; but it pos- 
sesses the valuable property^ melting at a temperature pro- 
cured with facility (2786°), by which it can be run into moulds, 
and thus made to assume any desired form. Cast-iron seems 
to owe its peculiar properties to the presence of a little carbon, 
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oxygen, and earthy matters, as some unreduced ore, mixed with 
it. It sometimes gives traces of phosphorus, sulphur, manga- 
nese and arsenic. Cast-iron varies considerably in its proper- 
ties. Two principal varieties have been noticed, white cast-iron 
and grey cast-iron . White cast-iron is more hard and brittle 
than grey cast-p’on, which is comparatively more soft and tough. 
This difference i^ considered to be owing more to the mode in 
•which the particles are arranged, arising probably from diffe- 
rences in the rate of cooling, than «to any difference in the che- 
mical constitution. Ii’&n may always be rendered hard by 
heating and Quickly cooling, becoming at the same time, how- 
ever, more brittle. The white castdron may be rendered te- 
nacious like the grey, by heating ahd then cooling it slowly ; 
and the tough and soft grey ca&t-iron may be made to acquire 
the properties of the white cast-iron, by being heated and cooled 
quickly. CastJiron resembles steel in its relation to heat. See 
paragraphs 987, 988, 989, 990. * 

985. Malleable Iron, called also Soft Iron, Wrought Iron, 
Forged Iron, is a much purer irqn, prepared from cast-iron. It 
is characterized by its extreme strength or tenacity, in which it 
is very superior to cast-iron. It is nearly infusible, being melt- 
ed only by thcf highest heafrof a smith’s forge ; but when at a 
high temperature, it softens, and may then be beat into any re- 
quired shape, or united firmly t* another piece of iron by ham- 
mering, an operation termed welding . It is not perfectly pure, 
still containing a little carbon (about 0.5 per cent) and a minute 
portion of t silicum. 

986. The manufacture of malleable iron is carried on to a 
great extent in this country. Formerly iron was prepared from 
the ore imthe malleable state # by one operation This process 
consists at present of three principal operations, refining , pud- 
dling, and* forging or hammering. In the refining, the cast-iron 
is melted, in contact with coke^ and kept fused for nearly a day. 
By this, the greater part of the carbon is burned off, and the 
earthy matters, as unreduced «ore, rise to the surface, and are 
separated. In the puddling furnace (a reverberatory furnace), 
the iron is then melted, and frequently stirred with an iron-rod, 
while the flame plays over its surface, by which the carbon is 
more completely separated ; and it soon thickens and begins to 
grow stiff, even though the temperature be kept up. It is then 
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becoming malleable iron, and is divided into pieces of the neces- 
sary size by the puddler ; and taken while still soft to the forge , 
where it is hammered. It is then, along with othe^ pieces, 
heated, welded to them by hammering, and in powerful rollers, 
formed into bars or rods, as may be desired. 

987. Steel is a compound of iron and carbon. It is prepar- 
ed by exposing powdered charcoal and bars of ^fiie finest malle- 
able iron in alternate layers, to a steady heat in a furnace for* 
several days. This operation is termed cementation . The ma- 
terials are closely packed in pots, which*are then covered to ex- 
clude the air and prevent the combustion of the charcoal. San A 
or earth is employed to protect the charcoal from the air. The 
iron combines with about l-100th or 1-1 50th of its weight of 
carbon, becomes blistered on 4he surface, and it is now steely 
characterized by its extreme hardness,* so as to be fit for being 
formed into a fine point, or sharp edge. Blistered steel is a 
good deal used ; but if is more customary to subject steel to an- 
other process before using it. This consists in welding several 

^pieces, by heating them together and hammering them into 
small bars ; this repeated several times, gives hammered steel, the 
form of steel now most in use. The Swedish iron is always 
preferred for the manufacture of steel. By continuing the pro- 
cess of cementation longer or shorter, the iron may be more or 
less carbonized, and rendered stqel through and through, or only 
at the surface, — to different depths, according to the purpose 
for which it is required (see par. 988). Steel requires a higher 
temperature than cast-iron to fuse it, but is much easier melted 
than malleable iron. It then forms last-steel, now so much em- 
ployed. * 

988. Case Hardening is an operation performed* on iron, 
which communicates to the external surface the peculiar proper- 
ties of steel, while the interior may still retain the strength and 
tenacity of malleable iron. This consists in heating the bar of 
iron in a box with carbonaceous matters for a 9 short time, by 
which the outer film becomes carbonized, and thus acquires the 
hardness, &c. of steel. Bones, old leather, or prussiate of ftotash, 
may be employed to give the carbon. The steel thus formed 
may be restored to the state - of soft iron again, by keeping it 
at a red heat for several days in a box along with oxide of iron 
or rusty iron filings. These abstract the carbon. 
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989. Expose a piece of soft steel to a bright red heat, and 
plunge it suddenly into cold water. It becomes so exceedingly 
hard, as ^scarcely to be affected by a file, and loses its toughness 
and elasticity, being now comparatively brittle. 

990. Expose a piece of hard steel to a temperature between 

400° and 600°, by placing it in hot oil or melted pewter ; it re- 
gains its toughifcss and elasticity, and, by varying the tempera- 
ture, it acquires various degrees of hardness, so as to be fit for 
the different purposes to which it is applied. It is in this man- 
ner that steel is temped. Instead of using hot oil and a ther- 
mometer to regulate the temperature to which it is exposed, it 
is often heated in the open air, judging of the temperature by 
the colour it presents, as it then assumes a variety of tints, from 
a very faint yellow to a dark blue, according to the degree of 
the heat. These shades* are produced by a little oxide of iron, 
being formed ttn its surface, and gradually increasing in quan- 
tity as the temperature rises. Instead of plunging a pices of 
hard steel into hot oil, it may be held over a spirit-lamp, till all 
the different tints have been produced. * 

991. Put a drop of nitric or hydrochloric acid on steel, and 
wash it afterwards with water. A black spot remains on the 
surface, the &eid acting on the iron, while the carbon remains. 
The same appearance ^presented with cast-iron, which contains 
still more carbon then steel ; byt forged iron, containing no car- 
bon (or at least only a very minute quantity), still presents a 
bright metallic surface after it has been acted on by an acid. 
Steel contains from l-120th to l-50th of carbon ; cast-iron from 
l-25th to l-15th. Hence, when cast-iron is used for preparing 
hydrogen, a smaller quantity will be procured than when forged 
iron is employed. 

992. To procure jfhre iron for chemical experiments, filings 
of malleable iron are mixed with about on e-fourth of their weight 
of oxide of iron, and fused in a»hessian crucible, placed in a small 
blast furnace, tod closed to exclude the air. The mixture also 
should be covered by a little powdered glass containing no lead. 
The carbon is thus removed, and pure iron remains. By heat- 
ing oxide of iron to redness in a porcelain tube and passing hy- 
drogen gas over it, the oxygen is removed by the hydrogen, and 
a very pure iron remains. Oxide of iron may be decomposed by 
hydrogen at a heat below redness, when, the metallic iron which 
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is separated, not being sufficiently heated to enable its particles 
to unite into a compact mass, remains in a spongy or porous 
state, and then has the property of inflaming spontaneously, 
when brought in contact with air. 

993. In preparing a specimen of metallic iron from the clay 
iron-ore on the small scale in a crucible, 100 or 200 grains of 
the roasted ore may be employed, having reducw it previously 
to the finest powder. Should the raw ore have been obtained, 
it may be roasted previously by heating it in a crucible to red- 
ness for an hour or two. The ore is then mi&ed with limestone and 
charcoal in the finest powder, and placed in a cruciblh, of which 

it should not fill more than a third or a fourth 
part. The cfucible may then be put in the fur- 
nace, Fig. 133, Jiage 151, placing it and luting 
it as shewn in Fig. 190. It must then be co- 
vered with fuel, the furnace being filled with 
it, and a white-heat maintained for two hours, 
unless it should be very intense, when one hour 
will be sufficient, 

994. A blast furnace is often made on the small scale by in- 
closing a vessel cc(see Fig. 191) made of the best fire-clay, and 
lined externally with sheet-iron, in a'second iron vessel dddd , 


Fig. 190. 



Fig. 192. 




made to fit air-tight around it. The nozzle of a pair of bel- 
lows is fixed in at b, and air impelled when the fire has been 
kindled. An intense heat is produced as the air enters through 
the apertures zzzz. Fig. 192 gives Another view of this fur- 
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nace. Coke or coal may be employed in this operation ; the for- 
mer is preferred. 

995.* In this process, it is not always easy to adjust the pro- 
portions of the flux and charcoal so as to procure a button of 
metal at the first operation ; repeated trials are crften necessary. 
If the charcoal be not consumed, less must be used ; if the 
materials do mstf run into a slag so as to allow the iron to sepa- 
rate, more or less lime must be used* or some pounded glass or 
fused borax may be added along with the lime. The following 
table shews the result§*obtained in several mixtures containing 
the same quantity of the same clay iron-ore, and illustrates the 
proportions to be employed. 


Roasted Ore, 

200 

••200 

200 

200 

200 

200 

Charcoal, • • 

30 

30 

25 

30 

40 

45 

Limestone,* 

50 

GO 

70 

20 

20 

20 

Borax (fused). 

20 

20 

20 

20 

20 

20 

Glass, 

0 

0 

0 

20 

20 

*20 

Gave of Metallic Iron, 

80 

96 

55 

85 

120 

76 


When the process is successful, the iron is found as a button, 
imbedded in the centre of the glass as in Fig. 190. The crucible 
should be carefully covereTl and luted, a small aperture being 
left for the escape of gas. It should also be fixed to its support 
with a little lute. Hessian crucibles are required in this ope- 
ration. 


996. Iron has a considerable attraction for oxygen. At ordi- 
nary temperatures, indeed, it is not oxidated in air destitute 
of watery vapour, nor in water free from absorbed air or oxygen. 
But in ja moist atmosphere, or in water freely exposed and im- 
pregnated with air, iron soon attracts oxygen and rusts. Besides 
oxygen, it absorbs carbonic* acid, and forms carbonate of the 
oxide of iron. But the oxide of iron soon attracts more oxygen 
and water, while the carbohic acid is separated, and the ordi- 
nary brownish rust of iron appears, a hydrate of the peroxide of 
iron . This is said to contain also a little ammonia. When 
burned in oxygen gas, or exposed to a red-heat in the open 
air or in contact with water, iron is rapidly oxidated, hydrogen 
being evolved in the latter case. The iron is converted into a 
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brittle scaly matter, the black oxide of iron (1010), containing 
different proportions of oxygen from the oxide or peroxide, and 
also varying in its composition under different circumstances in 
its formation. Iron is quickly acted on and dissolved by the 
sulphuric, ni1$ic, and hydrochloric acids when a little diluted. 
Digested in acetic acid, it is more slowly oxidated, but is in 
time dissolved. In all these cases, salts of iron regain in solution. 
Most of the salts it forms with the non-metallic elements are 
soluble, excepting the carbonate. 

..997. For ordinary experiments with iron, a quantity of iron- 
filings, wir^, or turnings should be procured, which will be found 
much more convenient than large masses of metal. 

998. Put a quantity of iron-filings into a plate, and moisten 

them with water from time to»* time as they become dry ; the 
iron is oxidated and soon passes into tlie state of hydrated per- 
oxide (996). T 

999. Throw some iron-filings into the flame of a lamp or 
candle, or of any combustible matter, as the flame from a gas 
jet. The filings combine with the oxygen of the air, taking 
fire, and burning with brilliant scintillations. 

1000. Heat one end of an iron bar to a bright wliite-heat, 
place it at the nozzle of a pair of bellows, such rads used at a 
smith’s forge, and impel the air upon it. The iron burns, not- 
withstanding the constant impulse of the cold air, and black 
oxide of iron is formed in scales, which are blown away as they 
are produced. 

1001. Procure a quantity of thin iron -wire ; about 12 or*20 
pieces of common harpsichord wire, each 20 or 30 inches long, 
will do very well. Twist them together, and coil them round 
a piece of wood, an iron-tube, or the riSb k of a retort. Fix one 

end of the coil into a coik, made to fit a wide 
glass jar of the form represented in the* adjoin- 
ing figure. Tie a little thread round the other 
extremity, and dip it into melted sulphur ; 
a small portion adheres to the thread. Melt 
this by holding it over a candle, taking care 
not to allow it to take fire, and blowing out 
the flame immedialSly, if it should. By dipping 
it again in the sulphur, and melting as before what adheres the 
second time, the thread acquires a sufficient coating of sulphur. 
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If the sulphur he then kindled, and the wire be introduced in 
this state into a jar full of oxygen, the heat produced by the 
rapid combustion of the sulphur is sufficient to inflame the iron, 
which then continues to burn brilliantly, and gives out a number 
of sparks. 

1002. The jar containing the oxygen may be from four to 
six inches in diameter, and from ten to fourteen long, open be- 
low, and provided with a cork or staple, fitting accurately to 
the opening above. When the cork is put in, the jar may be 
inverted full of water oft the shelf of the pneumatic trough, and 
filled with oxygen in the usual manner. It is then amoved on 
a tray to a shallow iron basin filled, with water (or an earthen 
basin with some sand at the bottom* does equally well), support- 
ing it directly by two or three *mall pieces of brick or tile, to 
prevent the glob dies of melted oxide of iron, that are produced 
during the coflibustion, breaking the jar, if they should run to 
the side when they have fallen under the water. When <^ery 
tiling has been adjusted, the cork is taken out, and the sulphur 
at the end of the iron-wire is inflamed, introducing it steadily, 
and pressing the cork tightly into its place. As the combustion 
proceeds, the pressure of the air forces the water in the basin 
(which miisWic always kept full) into the jar, to supply the 
place of the oxygen as jt is consumed. 

1003. Much thicker wire tlym what is used for harpsichords 
may be made to burn in oxygen gas ; and indeed, if the extre- 
mity of a thick rod or bar of iron be heated to whiteness in a 
furnace, and put immediately into a large vessel full of oxygen, 
it will burn in the same manner as the thin iron-wire. 

1004. Oxide (or Protoxide) of Iron (Symb. OF or *F. Eq. 
by W. 3€, = Oxyg. 8+^8 Iron) is not easily procured in a pure 
state, from the greaf affinity which it has for oxygen, and the 
faci!ity«'\fith which, when moistened, *it attracts an additional 
portion of this element, even from atmospheric air. It is pre- 
cipitated in combination with water (as a hydrate) when an al- 
kali is added to a solution o£ its salts, appearing white at first, 
but gradually absorbing more oxygen atid becoming the brown- 
ish-red peroxide. It is the compound formed when iron is dis- 
solved in dilute sulphuric aeft, remaining in union with the acid. 

1005. Add a solution of potassa or soda to a solution of the 
sulphate of iron ; if it coytain no peroxide, a precipitate of a 
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white or greenish-white colour is thrown down, a compound of 
the oxide of iron and water. It soon becomes of a deeper green, 
however, and ultimately assumes a brown colour on exposure to 
the air, attracting an additional quantity of oxygen. 

1006. Add, in the same manner, solutions of ammonia, lime, 
and baryta to separate portions of the sulphate*©! iron. Oxide 
of iron is precipitated as in the preceding experiment. The sul- • 
pliates of ammonia and lime are left in solution, but the sulphate . 
of* baryta falls with the oxide of iron. *• 

1007. Peroxide of Iron, called also sesquioxide or terdin- 
oxide of iron (Symb. 0 3 l ?2 *or :F 2 ; Eq. by W.* 80 (0.24 + 56 
Fe). This is a natural production, known by the name of red 
haematite . It is also found in* union with two equivalents of 
water, forming brown hamatite. The commbn brown rust of 
iron consists almost entirely of this oxide and wafer. 

1008. To prepare Peroxide of Iron, a crucible may be 
filled with green sulphate of iron, and exposed to a good red- 
heat in a furnace or open fire foj* one or two hours, previously 
luting on a cover with a little clay, and leaving a small aperture 
for the escape of gaseous matter. The water of crystallization 
in the green sulphate is completely expelled with* part of the 
sulphuric acid, the remainder of which JLs decomposed, commu- 
nicating part of its oxygen to tin* oxide of iron, while sulphurous 
acid is disengaged. Two eqs. of the sulphate are required to 
produce one of this oxide, one of sulphurous acid and one of 
sulphuric acid being evolved as the peroxide is formed. 

2 (:S ’Fe) = :S & :S & :Fe 2 . * 

The peroxide of iron prepared in this manner, is of a *red 
colour, very dark at first, but becoming of a lighter sh&de when 
it cools. 9 

lOdb. The hydrated peroxide of iron may be prdfcftred by 
dissolving iron in a mixture of nitric and hydrochloric acids, 
and adding an alkali to the solution. The peroxide, fli union 
with two equivalents of water, is precipitated. 

1010. Black oxide of iron (Symb. 0 4 + Fe 3 , or iFe 3 , or 
OFe + 0 3 Fe 2 , or Fe + :Fe 2 ; Eq. by W. 116 = 0.32 + 84 Fe). 

* It is sometimes represented, however, by the number 40 , and is said to 
consist of one equivalent of iion, and our find a Juilf of ori/gen, a mode of ex- 
pressing its composition which has crept into*genoral use, though it is certainly 
very iifcorrect. 
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This is the compound formed when iron is oxidated in the air 
or in contact with water at a high temperature. It is regarded 
as composed of the oxide and peroxide. But the oxide of iron 
formed when iron is oxidated in air at a red-heat, is found to 
vary in composition with the temper ature and the time during 
which the oxidVion is continued. This oxide is a native pro- 
r duct, and is often termed the magnetic* oxide of iron, or magnetic 
iron-ore. • 

1011. A number of *£ests have been proposed for detecting 
iron. One t>f the most delicate tests of iron in solution is the 
gall-nut, which produces a black colour with solutions contain- 
ing a very minute quantity, even when no indication of the pre- 
sence of iron has been^obtained^by using the infusion of galls ; 
the cause of this peculiarity has not been explained. All that 
is necessary ih using the nut for this purpose is, to bruise it and 
throw it into the liquid under examination, part of which assumes 
a black or purplish colour in a day or two if any iron be present ; 
or, a slice of the nut may be suspended in it by a thread. The 
colour is produced by the tannin and gallic acid of the gall-nut, 
which are slowly dissolved by the water, combining with the 
oxide of iroitr A deep tint? is immediately produced, if there 
be a considerable quantity of iron in solution. 

1012. When the quantity oft iron in solution is very minute, 
and any carbonate of lime is present, the action of the galls is 
modified considerably. If the iron be in the state of oxide, the 
tint produced is deeper than usqal ; but if the peroxide be pre- 
sent, the action of the galls is diminished, and the tint is very 
faint, or altogether absent. 

1013. *Pour a little of the infusion of galls into several glasses 
of water, to which different quantities of a solution of sulphate 
of iron^Have been added, that the ‘different shades of colour 
which they^ present may be seen ; the precipitate is of a purple 
or blacf colour. It must be recollected, that all ordinary solu- 
tions of the sulphate of iron contain a portion of peroxide, and 
that it contributes essentially to the production of the dark tint. 
With a sulphate of the oxide, absolutely fre^firom peroxide, no 
dark tint is induced ; and, even when it has been developed, it 
may be removed by deoxidating agents. 

1014. The ferrocyanatew of potassa is another very delicate 
test of iron, throwing down a rich blue coloured precipitate, 
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when added to a solution of a salt of iron in which the metal is 
in a high state of oxidation. Care must be taken in applying 
this test, that no excess of acid be present, which might produce 
a blue by decomposing the ferrocyanate alone. 

1015. With salts of the oxide of iron the ferrocyanate gives 
a white precipitate, and when the solution contalfis both oxide 
and peroxide of iron, which is generally the cas^f the precipitate 
presents a variety of shades between a light and a deep blue, 
according to the proportion of the different oxides. 

1016. If it be required to shew the pure white precipitate 

which the oxide gives with this test, the best method is to use a 
solution of the oxide of iroii^ made by shaking iron-filings in a 
small bottle nearly full of a solution of sulphurous acid in water ; 
the iron attracts a portion of oxygen frpm the # sulphurous acid, 
and is dissolved without any effervescence. ^ 

lty.7. Instead of the common ferrocyanate of potassa, the red 
ferrocyanate, prepared by transmitting chlorine through a solu- 
tion of the ferrocyanate, is frequently employed, being a much 
more delicate test of the presence of oxide of iron in solution ; 
it does not precipitate the peroxide, but with salts of the pro- 
toxide it gives at once a deep blue-coloured precipitate. Instead 
of preparing a portion of this new compound, it will be sufficient 
to add a portion of any solution containing free chlorine, along 
with the- common ferrocyanate, 0 to the salt of iron, the same 
effect being produced in this manner. 

1018. Add a solution of the sulphocyanate of potassa to a 
concentrated solution dfa salfr of irnn containing this metal 
in the form of peroxide ; i? immediately becomes of a deep red 
colour. 

1019. Add a few drops of a solution of # the hydrosulphate of 
ammonia to a dilute solution of a salt of iron ; a copious black 
precipitate immediately appears, consisting of the sulpfiuret of 
iron. The oxygen of the oxide and the hydrogen of t|ie acid 
produce water, the sulphuric acid and ammonia remaining in 
solution. 

1 020. Hydrosulphuric acid gas, when transmitted through a so- 
lution of a salt of oifede of iron, does not occasion any precipitate ; 
but when it is transmitted through a solution of a persalt, sul- 
phur is precipitated, the hydrogen of the gas that is decomposed 
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uniting with part of* the oxygen of* the peroxide, and reducing 
it to the state of oxide. 

102fc In examining a liquid with the view of detecting iron, 
any of this metal in the state of oxide may be easily converted 
into peroxide, by boiling it for a short time with a little nitric 
acid, or adding a little of the solution of chloride of lime. 

1022. Succinkte or benzoate of ammonia precipitates the per- 
oxide of iron of a yellowish colour, Hut not the oxide. 

1023. Add solutions^of the pifre alkalis to solutions of the 
persalts of iron, and compare the precipitates thrown down with 
those produced when salts of the oxide are used. The alkalis 
unite with the acids previously in combination with the oxide 
of iron, forming salts which remain in solution, while the lat- 
ter is precipitated; if .the carbonated alkalis have been em- 
ployed, the oxide precipitated is combined with carbonic acid. 
When percartonate of iron is precipitated it is soon decomposed 
(Soubeiran). 


Salts of Iron, &c. 

1024. Nitrate of Iron may be obtained, by putting into a 
glass flask or bottle announce or two of iron-turnings, with an 
ounce of nitric acid previously inixed with seven or eight ounces 
of water. The iron is slowly oxidated and dissolved, and on 
concentrating the solution in the vacuum of an air-pump over 
sulphuric acid, green crystals of the nttrate may be obtained. 
They are deliquescent, and attract oxygen from the air. 

f025. Jf the acid be not diluted with so much water, the iron 
attracts a larger quantity of oxygen, and the liquid acquires a 
reddishJjTown colour, pernitrate of ij'on being formed, which 
does not crystallize on evaporating the liquid. In this compound 
80 parts of the peroxide are associated with 162.6 of nitric acid, 
so that the term pernitrate does not express the relative propor- 
tions of acid and base. The same remark may be applied to all 
the terms usually applied to the more common salts of the per- 
oxide of iron, as the persulphate, &c. The^ are often termed 
Sesr/uiper- salts, as an atom and a half of acid are united with an 
atom of peroxide, 40 being the number by which it is repre- 
sented according to this viefw. See Note, page 203. 
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1026. When only a small quantity of water is added to the 
acid, and the iron is in a minute state of division, the action is 
very turbulent. Put three or four drachms of nitric afcid into a 
glass, add two drachms of water, and throw into it 200 or 300 
grains of iron-filings. Part of the acid is immediately decom- 
posed, the iron is oxidated, combining with antther portion of 
acid, and fumes are copiously disengaged, which must be care- 
fully avoided, being composed principally of nitrous acid. 

1027- The Sulphate of Iron is prepared in large quantities 
for use in the arts, by roasting the native bisulphuret of iron 
(iron -pyrites), and exposing it to air and moisture, the iron being 
converted into an oxide, and the sulphur into sulphuric acid, by 
attracting oxygen. On lixiviating and evaporating, crystals of 
this salt, known by the names of coppevass, grqen vitriol, are pro- 
cured. On the small scale, it may be prepared by mixing 6 
parts of iron with 10 of sulphuric acid and 60 of water, evapo- 
rating the solution in a glass or earthen vessel, after the effer- 
vescence arising from the disengagement of hydrogen gas has 
ceased, and continuing the heatj till a rod dipped into it presents 
appearances of crystallization, when taken out and held in the 
air. The solution may then be filtered, and green crystals of 
the sulphate will be formed as it cools. They consist of one 
equivalent of sulphuric acid, = 40.1, f>ne of oxide, = 36, and 
seven of water, = 63 ; their Equivalent, therefore, is 139.1. 
They are soluble in two parts of cold, and in less than their 
weight of boiling water. The reaction that takes place between 
the iron, the sulphuric 'Acid, and the, water, has been explained 
in page 18. 

1028. Pour some strong sulphuric acid on iron-filings hi a 
glass flask. Instead of a turbulent action # taking place, as in the 
preceding instance, scarcely any traces of decomposition arc ob- 
served ; if, however, the flask be now exposed to heat, the iron 
takes oxygen from part of the acid as well as from the water, 
sulphurous acid and hydrogen gases are disengaged, and the oxide 
of iron combines with another portion of the sulphuric acid 
which is not decomposed, and forms sulphate of iron. This pro- 
cess is never adopted for preparing the sulphate, but merely for 
e x per i men ta 1 illustration. 

1029. Sulphate of iron is sometimes required free from its 
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water of crystallization. For this purpose, it may be exposed 
to heat in an earthen vessel, till it becomes quite dry and of a 
greenisli-vvhite colour ; almost all the water is expelled in this 
manner, and the salt becomes at the same time quite opaque ; the 
heat must be applied by placing it over a furnace or good chauffer, 
taking care, hd^ever, not to allow the temperature to be so 
# liigh as to expel any of the sulphuric acid, otherwise the salt 
will acquire a red colour, from the formation of some peroxide 
of iron. f , 

10 30. Dissolve some of the green crystals of the sulphate in 
spring-water ; the solution appears cjuite turbid, from the free 
oxygen which the water contains converting part of the oxide of 
iron in the sulphate into peroxide of iron, a subsulphate being 
deposited; the acid that* is sufficient to retain a given quantity 
of iron in the $tate of oxide in solution is not able to dissolve it 
at all, when it acquires an additional portion of oxygen. ljrop 
a little sulphuric acid into the solution, and it will become quite 
clear, the precipitate being dissolved. 

1031. Boil a solution of 300 grains of the crystallized green 
sulphate of iron in two or three ounces of water, with 100 or 
150 grains o£jpitric acid, and evaporate the solution carefully 
in an earthen vessel till a red-coloured compound is obtained. 
Whenever the nitric acfll is added to the solution, it assumes a 
very dark colour, and the dry mass which is afterwards obtained 
contains peroxide of iron, the oxide having attracted an addi- 
tional portion of oxygen from the nitric acid. On digesting it 
in water, persulphate oAron (se&pii-persulphate) is procured in 
solution, and a reddish-brown matter, containing a great excess 
of peroxide, is left. 

1032. A similar solution may be obtained, by exposing a so- 
lution o£j:he green sulphate to the air for a long time, part of 
the peroxide that is formed being deposited. 

1033. The different methods of preparing Sulphuret of Iron 
have been described in 142, 316, 317. 

1034. Carbonate of Iron may be obtained, by dissolving 
143.62 grains of the crystallized carbonate of soda in cold water, 
pouring the solution into an ounce of water, in which 139.1 grains 
of the crystallized green sulphate of iron have been dissolved, 
stirring sufficiently, and collecting the precipitate on a filter. 
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The reaction that takes place is represented in the diagram 
(the salts being mixed in equivalent proportions), deducting the 
amount of the water of crystallization from the above quantities. 


53.62 Carb. of Soda 
76.1 Sulph. of Iron 


Fig. 194. 

After JJecomjHyjition. 

... 31.5 v- 7;M6 Sulphate of Soda. 

Carbonic Acid 22. 1 
SulphuriS Acid 40.1-"'^^^^ 

Oxide of Iron 36 58.12 Carb. of Iron. 


Before Decomposition. 
Soda 


The sulphate of soda remains in solutj^n, and the* precipitated 
carbonate is to be washed on a filter with hot water, which has 
been boiled to expel the air* it usually contains. 

1035. This substance soon attracts oxygen from the air, and 

assumes*the same appearance as the rust of ir6n, losing also the 
greater part of its carbonic acid. The compound, indeed, that 
is usually sold under the name of Carbonate of Iron, contains 
little or none, and is much less active and less soluble than the 
carbonate when newly precipitated. Mr Clarke has accordingly 
recommended it to be washed repeatedly in a deep jar, decant- 
ing the supernatant liquid when the precipitate subsides, and 
agitating it afterwards with more water, repeating this several 
times, so as to separate completely tlie^sulpliate of soda in so- 
lution. The precipitate must then be put on a cotton or linen 
cloth supported by a square frame, and, when water ceases to 
pass through, the edges must be gathered together so as to form 
a bag, from which the remaining wateras to be squeezed by the 
hand. The carbonate procured in tins manner gains little or 
no oxygen during the process, and, according to Mr Clark#, is 
little liable to change by keeping. * 

1036. Put some of the precipitated cafbonate, after washing 
it with hot water, and while still moist, into a bottle half full of 
carbonic acid water, and shake fcliem together. A solution of 
the bicarbonate of iron is obtained, which possesses the same 
properties as the carbonated chalybeate mineral waters, and in 
which the iron may be detected by the usual reagents. Expose 
part of it to heat in a Florence flask ; the excess of carbonic acid 
is disengaged, and the carbonate is again precipitated. # 

1037. Put some iron-filings into a small flask or bottle, after 
exposing them to a red-heat in a .crucible to decompose any 
oily flatter, and pour in carbonic acid water till it is about two- 
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thirds full. On shaking it for a few minutes, part of the iron 
will be found to have been dissolved. In this ease, the iron is 
oxidated at the expense of a portion of water which is decom- 
posed, and is then dissolved by the carbonic acid. Dr Marshall 
Hall found that, w hen water is completely deprived of carbonic 
acid, iron doesVot decompose it at natural temperatures. 

1038. Dr Ure recommends a similar solution to be prepared, 
by dissolving a little sulphate of iron and bicarbonate of potassa 
in cold w r ater, agitating them together in a close vessel. The 
sulphuric acid of the sulphate may be supposed to combine w ith 
the potassa, forming sulpnate of potassa, which does not particu- 
larly affect the rest of the liquid, the* two equivalents of carbonic 
acid going to the oxide of iron, end retaining it in solution. 

1039. The LniuoR Fv.hr,] Alkalini of the former* I jondon 
Pharmacopoeia may be classed along w r ith the carbonate of iron, 
as, from the mode of its preparation, its medicinal properties .nay 
be presumed to depend upon a bicarbonate of iron, though 
other opinions have been entertained w ith respect to the pecu- 
liar state of combination in w hich the iron exists ; the following 
is the formula for prepiiring it : — Mix two drachms and a half 
of iron witl^lwo fluid ounces of nitric acid diluted previously 
with six fluid ounces of waiter, and, after all action has ceased, 
pour off the clear liquid, which is a solution of the nitrate of 
iron with excess of acid, and add it in small quantities at a time 
to six fluid ounces of a solution of the carbonate of potassa, 
made by dissolving fou^parts of the salt in three of water. The 
iron is thrown down at first of a Veddish-brown colour, the nitric 
acitj previously in combination with it uniting with part of the 
potassa, #nd disengaging carbonic acid, part of which escapes 
with effervescence, while the remainder combines with a por- 
tion of /he carbonate of potassa that is not decomposed, and 
converts it into bicarbonate of potassa. On stirring the mixture 
with a glass-rod, the precipitated oxide or carbonate of iron is 
redissolved by the bicarbonate, and a solution is obtained of a 
very deep red colour ; it is then allowed to stand for six hours, 
when some crystals of nitrate of potassa are deposited, and the 
clear jj^quid is decanted. The solution is extremely apt to be 
decomposed, and the iron is thrown down even by diluting it 
with several times its bulk of water ; it must be kept in close 
vessels. 
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1040. Acetate of Iron may be prepared, by digesting iron 
in diluted acetic acid, or by adding a solution of the sulphate 
of iron to a solution of the acetate of lead, sulphate of lead being 
precipitated, while acetate of iron remains in solution. The 
tincture of the acetate of iron of the Dublin College is made, 
by mixing two parts of the acetate of potassa qnd one of sul- 
phate of iron in an earthen mortar, till a soft r^iss is obtained, 
and digesting it afterwards in 26 parts of rectified spirit ; sul- 
phate of potassa remains. Aoetate of iron is much employed in 
dyeing and calico-printing. 

1041. The Tartrate of Potassa a£D Iron of the different 
Colleges, is prepared, by mixing two parts of the bitartrate of 
potassa, and one of iron-filings intimately together, and exposing 
the mixture for fifteen or twenty days to the air, moistening it 
frequently with water. The iron is oxidated, and combines 
with the excess of acid in the cream of tartar, remaining in com- 
bination with the neutral tartrate of potassa that is left: on 
boiling it for a short time in four times its weight of water it is 
dissolved. It maybe obtained ^in the solid form, by filtering 
and evaporating the solution, but it docs not crystallize. — See 
some observations on Tartrate of Iron by Dr Ure, Quarterly 
Journal , vol. vi. p. 388. According *to the formula aow adopted 
by the London College, three ounces of #ic peroxide of iron are 
digested for two hours in a sand-bath, with half a pint of the* 
hydrochloric acid, and then mingled with two gallons of water. 
To the clear liquid, decanted after any sediment shall have sub- 
sided, potassa is added, by which the piroxide is thrown down 
in a minute state of division. After washing it frequently with 
water, it is boiled with eleven and a h«alf ounces of cream of 
tartar in a gallon of water. The solution is neutralized, if acid, 
by a solution of the sesquicarbonate of* ammonia, and then 
evaporated to dryness. • 

1042. Gallate of Iron may 4>e formed by adding a solu- 
tion of gallic acid to a solution of a salt of iron; being thrown 
down in the form of a dark coloured precipitate, which is the 
basis of writing-ink ; gallic acid is never used, however, for this 
purpose in a pure state. The iron must be in the state of per- 
oxide, as the protoxide is not precipitated by this acid. * 

1043. Many receipts have been given for the preparation of 
ink ; the following is M. Ribaucourt’g, ( Ure's Dictionary). Boil 
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two ounces of logwood in small chips with four ounces of galls 
reduced to a coarse powder, in six pounds of water, till half the 
liquid is c evaporated. Strain the decoction through a linen cloth, 
and then add in tine powder two ounces of the sulphate of iron, 
half an ounce of the sulphate of copper, an ounce and a half of 
gum-arabic, aipl half an ounce of sugar. The mixture must he 
stirred till the liquid acquires a uniform appearance ; after al- 
lowing it to stand for twelve hours, the ink should be decanted 
and put into bottles. 

1044. In this process, ‘' the gallic acid of the logwood and galis, 
along with the tannin, unites with the oxides of iron and copper 
of the salts, forming the dark coloured precipitate which is dif- 
fused through the liquid, and kept in suspension by the gum and 
the sugar, which are added to render it of a proper consistence. 
The sulphate of Copper "gives a deeper shade to the mixed pre- 
cipitate, and retards moulding. When ink contains copper, it 
may be easily detected by metallic iron, a portion of wliivli is 
taken up, on dropping a little ink upon it, and replaced by a 
coating of metallic copper. 

1045. Pour a solution of chlorine in water into a little ink 
mixed with water ; the dark colour immediately disappears. 
The chlorine -at once decomposes the vegetable matter, and if 
a solution of an alkaline hydrosulphate be then added to the 
liquid, sulphuret of iron will be, precipitated. 

1046. Write on some paper with common ink, and when it is 
dry, divide it into four pieces, and put them into a solution of 
chlorine in water till the writing disappears. 

1047. The iron of the*ink being still left where it was, the 
characters may be recalled ; put one of the pieces of paper into 
an infusion of galls, another into a solution of the hydrosul- 
phate of ammonia, anti a third into a dilute solution of the ferro- 
cyanato of potassa. The oxide of iron will, be rendered black 
by the infusion of galls and fey the hydrosulphate, and blue by 
the ferrocyanate, and the characters, in general, can be distin- 
guished as easily as before. . 

1048. Place the last piece of paper in hydrochloric acid di- 
luted with 12 or 15 parts of water. All the iron will be dissolved 
in a short time, and then it will be impossible to recall the 
characters.. 

1049. Oxalic acid and some other acids can also dissolve the 
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iron, and hence they are employed for taking iron moulds from 
linen, being less corrosive than hydrochloric acid. 

1050. If paper be written on with a weak infusion of galls, 
no characters will be visible when it is dry, but on dipping it 
into a solution of the sulphate of iron, they will immediately 
appear. 

1051. Similar experiments may be made, by writing on paper 
with a solution of a perstdt of iron, and dipping it into a solu-« 
tion of the ferroeyanate or sulphocyanate of potassa. The for- 
mer renders the characters of a fine blue colour, and with the 
latter, they become of a deep red. * 

1052. Those varieties of ink which are not affected by chlo- 
rine, acids, or alkalis, usually contain carbon. Professor Traill 
has recommended the carbon 1,0 be suspended in a solution of 
gluten dissolved in acetic acid. Lamp-black 1 is the carbon em- 
ployed, being obtained in this condition in the minutest state of 
division. It should be carefully mixed in a mortar with the 
glutinous solution by long trituration. 

1053. Some kinds of ink have lately come into use, which 
are of a blue colour at first, and others which remain blue. The 
sulphate of indigo is believed to be the ingredient which gives 
the blue colour. They have been described as indelible. Though 
not quite indelible, certainly they are nqt so easily destroyed by 
the usual agents as the commor black ink. The only indelible 
ink is that containing free carbon. 

1054. Perferrocyanateof Iron (pure Prussian blue), com- 
monly called Ferroeyanate of iron, is prepared by adding a so- 
lution of a persalt of iron to a solution of the ferroeyanate of 
potassa, as long as any precipitation takfes place. If a solution 
of a protosalt of iron be taken, the precipitate that is thrown 
down is of a light colour at first, but absbrbs oxygen when it is 
exposed to the air, and becomes blue. Many are of 'opinion, 
however, that the blue-coloured compound obtained in this 
manner, must differ in its composition from that which is pre- 
cipitated blue at first, as we know that oxides in a high state of 
oxidation combine with a larger quantity of acids than when 
they contain lesg of this element ; it is soluble to a certain ex- 
tent in water, and cannot therefore be washed on a filter with- 
out considerable loss. It is destroyed by alkalis or alkaline car- 
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bonates, which unite with the acid and precipitate peroxide or 
carbonate of iron. 

10^5. .When very pure and dry Prussian blue is exposed to 
heat, it soon begins to undergo a kind of slow combustion, and 
is completely decomposed. Its use in the preparation of cya- 
nogen and hydrocyanic acid will be considered afterwards. 

1056. IiYDRo&HLoiiATfc (ou Muriate) of Iron may be formed, 

r by putting iron-tilings or turnings into hydrochloric acid diluted 
with half its bulk or water. Part of the water is decomposed ; 
the oxygen goes to the iron, forming oxide of iron which is dis- 
solved by tin? acid, and hydrogen gas is disengaged. The solu- 
tion has a green colour, attracts oxygen when exposed to the 
air, and becomes perhydroclilorato of iron, some peroxide also 
being formed. r 

1057. Digest some of the peroxide or rust of iron in about 
four times its freight of hydrochloric acid ; a perhydrochlorate 
(with an excess of acid) is obtained in solution. It is this winch 
is employed for the preparation of the tincture of iron, the hy- 
drochlorate of the oxide of iron being insoluble in alcohol. If 
more peroxide be added, it is speedily dissolved, and Mr Phillips 
found that, in this manner, one e<]ui valent of hydrochloric acid 
might be coiflbined with ten^of the peroxide of iron. 

1058. When hydroehjorate of iron in solution is mixed with 
hydrochlorate of ammonia, and* evaporated to dryness, a com- 
pound is obtained, which has been called the Muriate of Am- 
monia and Iron. It is recommended to be prepared by sub- 
liming mixtures of the two^ salts, .or of hydrochlorate of ammo- 
nia and peroxide of iron, but it is seldom used. 

1Q59. Chloride of Iron may be prepared, by evaporating a 
solution 8f the hydrochlorate to dryness, the oxygen* of the 
oxide uniting with the hydrogen of the acid, and leaving the 
chlorine Ifi combination with the iron. * 

Iodide of I^on may be procured by heating iron-filings with 
iodine and water, filtering the solution afterwards, and evapo- 
rating to dryness with a moderate heat. 
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CHAP. 11 LEAD 

flymb.* Pb. Eq . by W. 103.7. Sp. pr. 11.35. It melts at about 

612°/ 

1060. Lead is generally obtained from gq^ena, the native sul- 

phuret of lead. To prepare a small quantity from this ore, 
reduce 240 grains to a fine powder, mix them with 112 grains 
of iron-filings, put the mixture into a common Hessian crucible, 
of which it should not fill ’jnore than a third, and expose it to 
a bright red heat for five or tpn minutes in a chauffer with a 
chimney (page 10), or in a furnace. •Part of the iron unites 
with the sulphur of the sulphuret of lead, forming sulphuret of 
iron, and the metallic lead is melted, and may be poured out 
when the crucible is removed from the furnace. If 20 or 30 
grains of nitre be thrown into the crucible before it is withdrawn 
from the fire, and the whole be'well stirred with an iron rod, 
little lead is lost, and it is more completely separated from the 
sulphur. ^ 

1061. In the diagram giving a view of the theory of the de- 
composition, only half the quantity of ‘Iron is represented, as 
28 parts of iron are sufficient to combine with all the sulphur 
in 119.8 of the sulphuret, and an excess is employed, solely for 
the purpose of bringing the sulphur of the sulphuret into more 
intimate contact with the iron, •which, is not easily reduced to a 
minute state of division. 


a Fig. 185 

before Decomposition. 

1 19.8 Sulphuret of Lead 
28 Iron 2 & 

1062. On the large scale, lead is procured from the sulphuret, 
by reducing it to a. rough powder, and exposing it to heat in a 
reverberatory fujnace, adding portions of coal and limestone 
from time to time. The lime withdraws the sulphur (or sul- 
phuric acid into which it is converted by the heated air). The 


* After Decomposition . 

103.7 Load. 


-44.1 .Sulphuret of Iron. 
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carbon of tha coal takes oxygen from the oxide that is also 
formed, disengaging metallic lead ; or, oxide of lead and the sul- 
phudgt feact on each other, giving metallic lead and sulphurous 
acid. A quantity of slag collects, which consists chiefly of sul- 
phate of lead, and is smelted in like manner to extract the lead 
it contains. See par. 303, page 98. 

1063. Lead may be obtained in a state of minute division 
r mixed with carbon, J^y heating tartrate of lead or acetate of lead 

to redness in a covered vessel, in this condition it takes fire 
spontaneously when brought in contact with the air. 

1064. Lead usually contains a little iron, silver, and copper. 
When lead is required particularly pure for delicate experiments, 
it may be obtained by precipitation from a solution of any of its 
soluble salts. Dissolve ;tn ounce of the crystallized acetate of 
lead in 34 ounces by measure of water, and put a piece of zinc 
into the solution, suspending it at the top by a string fixed^to a 
wire laid across the mouth of the jar or glass containing the 
solution ; part of the zinc is immediately dissolved, and the re- 
mainder is coated with metallic lead, which continues to be pre- 
cipitated till the acetate has been completely decomposed, 32.3 
parts of zinc (one equivalent) being taken up for every 103.7 of 
metallic lead (one equivalent) thrown down, so that a solution 
of the acetate of zinc remains. If the solution be put into a long 
glass or jar, and not agitated, the lead is deposited in an arbo- 
rescent form, presenting a very beautiful appearance ; it is in 
this manner that the Lead Tree> as it is termed, is commonly 
prepared. The following diagram shows more precisely the na- 
ture of the reaction : — 


Fig. iyo. 

Before Decomposition. • 

32.3 Zip c 32.3 

( Acetic Acid 51.48 - 

Oxide of j Oxygen 8 -■ 

Load ( Lead 103.7- 

Symb. Z & A *Pb = A *Z & Pb. 


163.18 Acetate 

of Lead, ^ 


After Decomposition. 

7__ V-v 91.78 Acetate of Zinc. 

103.7 Lead. 


1065. Lead is speedily oxidated by the action of air and mois- 
ture, a carbonate of the oxide being formed. It is corroded 
more speedily by distilled water freely exposed, than by water 
•containing a portion of some saline compounds, as the phosphate 
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of soda, the sulphate of potassa, the hydriodate of, potassa, com- 
mon salt, &c. When it is put in distilled water, and the air is 
carefully excluded, little or no action takes place ; but if*thn air 
be admitted, oxygen and carbonic acid are absorbed, and it be- 
comes corroded. A 27000dth part of phosphate of soda, a 
12000dth part of arseniate of soda, or a 4000dth part of sulphate 
of soda in water, afford a complete protection whbn it is kept in 
leaden vessels, the carbonate that is forme^ at first being de- 
composed, and replaced by a tllin film of an extremely insoluble 
salt formed by the union of the acid of the saline matter with 
the oxide of lead, which protects completely the rest’of the lead 
from any farther corrosion. • Dr Christison’s valuable work on 
Poisons contains many interesting observations on this important 
subject. a 

1066. Melt some metallic lead, and expose it to a red heat 

in an iron ladle or flat earthen crucible. A film collects speedily 
on its surface, which consists of metallic lead mixed with the 
oxide. Withdraw it from the fire, and remove from time to 
time the iridescent pellicle which gathers on its surface as it 
cools ; the tint depends upon the degree of oxidation. If heated 
intensely in a current of air, the oxide formed is dissipated in 
vapouf. * '* 

1067. Moisten some bone-ashes (which consist principally of 
phosphate of lime) after reducing them to a fine powder, make 
them into a shallow cup (called a cupel), of the form and size 

Fig. i97> represented in the figure, bj kneading them 
in the hand ; , place , ten or twenty grains of 
lead above it, and expose it to a strong heat 
in a muffle , so that the air may have fflee 
access to it, while it is at the same time excluded from the action 
of the fuel. The lead soon melts, acquires oxygen from the air, 
and is converted into oxide of lead, which is also melted, and 
absorbed by the bone-ashes. As lbng as any metallic lead re- 
mains, it still rests on the top, the bone-ashes not absorbing any 
metallic particles, but only the melted oxide ; and if the lead 
contain any silver, it is left bright and*brilliant on the cupel, 
after the oxidated lead is removed. This is the manner in 
which silver is separated from lead. 

1068. The experiment may be conducted in an open fire or . 
furnace, taking care to support the impel on a piece of brick. 
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and allowing fresh air to play upon it, while it is at the same 
time subjected to an elevated temperature. The cupel should 
also be 'loosely covered with a fragment of a crucible that no 
dust or ashes may fall upon it. The proper method of conduct- 
ing this operation consists in placing the cupel in a muffle, de- 
scribed in the following paragraph. 

1069. A mujfie is an earthen vessel arched above and closed 
in at every side except in front, so that it may be exposed to a 

Fig. 198. very high temperature, by building it 

S\ j?' in a furnace in the manner represented 

/ / adjoining figure, while any sub- 

— I — stance to be exposed to a high tempe- 
/ j rature, and to the action of the air at 

i the same time, may be introduced at 

r the open end. This furnace with the 

-y? muffle is used in the process of cupella - 

“ ZT «■ tion ; a small portable furnace, with an 

opening at the side for putting in a 
small muffle, is often substituted for it. 

Muffles are used of all sizes, from two or three inches long 
and an inch and a half broad (to be used with a chauffer fur- 
nace) to fifteen or eighteen* inches long and seven or nine broad. 
The one I generally u$£ is ten inches long, five broad, and about 
four and a half high. • 

1070. A muffle should never be exposed suddenly to a strong 
heat, as it is then very apt to crack. The fire must be raised 
very gradually, beginning at Jfrrst with little more than may 
be necessary to prevent it from going out. The fuel is intro- 
duced from an opening above, and great care must be taken 
not to *allow any of it to fall directly upon the muffle. The 
bottom should rest 6n a brick about four or five inches above 
the brahders, and its sides should b6 at least two inches from 
the side ways of. the furnate, that the fuel may fall readily 
below. 

1071. The little cup made of bone-ashes (1067) is usually 
termed a cupel, and is prepared most easily by driving pounded 
bone-ashes (a little wood-ashes being sometimes added) into a 
small brass mould, by means of a pestle struck forcibly by a 
wooden mallet. It must then be removed cautiously, placed 
on a piece of paper, and $ried before using it. The mould is 
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open above and below, and may be compared to Flg 199 
the section of a tube with thick sides. The pestle 
is made so as to give the necessary depression. See 
Fig. 199. 

1072. In conducting the experiment above de- 
scribed, for the sake of illustration, the cupellation 
furnace should be preferred ; but where the student 
has not the advantage of a furnace of this descrip- 
tion, the cupel may be placed on a piece of brick, or 
other support, in an open fire, maintaining a high 
temperature, and allowing the air to have free acess 
through the branders. 

1073. Lead is readily dissolved by diluted nitric acid, with 
which it forms a very soluble salt. It ismot acted upon by hy- 
drochloric acid or cold sulphuric acid, and is slowly oxidated 
and a sulphate formed by the latter acid while hot. Almost all 
its salts are insoluble or very sparingly soluble, except the ni- 
trate and the aeetate. It is separated from its soluble salts by 
iron or zinc, if there be no excess 'of acid present. 

1074. To prepare Oxide (Protoxide) of Lead (Symb. OPb, 
or -Pb. Eq. by W. 111.7 = 0.8 + 103.7 Pb), add a solution of po- 
tassa or ammonia to a solution of the nitrate of lead, as long as 
any precipitation takes place ; wash the precipitated hydrate or 
subnitrate, which is of a white colour, and, to expel the water 
and remaining nitric acid, expose it to heat in a crucible placed 
in the fire, taking care not to urge the heat, otherwise the oxide 
will melt, and soon destroy the crucible, the siliceous matter 
which it contains forming a very fusible glass with the oxide of 
lead. A platinum crucible is best for this operation. The oxide 
may also be procured by exposing the nitrate or carbonate to a 
dull red heat. The oxide of lead thus procured is of a yellow 
colour. 

1075. The Massicot of commerce^ which is of a fi.te yellow co- 
lour, is also oxide of lead, and is prepared by exposing the crust 
that forms on the surface of melted lead to heat and air. By 
heating it till it has been partially fuse#, it is obtained in the 
form of scales, which have usually a reddish-colour, arising from 
the formation of a small portion of the red oxide of lead, and in 
this state it is termed Litharge . From its forming a fusible 
compound with earthy substances, it it, used in the manufacture 
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of flint glass. It was formerly much employed to give a glazing 
for earthenware and porcelain. 

1076. Add a solution of potassa,„soda, or ammonia, to a solu- 
tion of the acetate of lead. The alkali combines with the acid, 
and oxide of lead is immediately precipitated in combination 
with a portion of water, and of a white colour. It is redissolved 
by an excess of potassa or of so<|a. It is the only oxide of lead 
that forms salts with the acids. 

1077. Dinoxide of , Lead (Symb. OPb*, or Pb* ; Eq. by IV. 

215.4 = 0.8 + 207.4 Pb). This compound is prepared by ‘ex- 
posing dry oxalate of lead to a dull red heat in a covered vessel 
so as to prevent access of air. "Carbonic acid and carbonic 
oxide gases are expelled, and a dark grey powder, dinoxide of 
lead remains. Sulphuric, hydrochloric, and acetic acids resolve 
it into metallic lead, and oxide of lead with which the acid 
combines. # 

1078. Q u ad hot r i sox [ o e of Lkad (called also, Deutoxide , Red 
Oxide of Lead, Red Lead , Minium). Synth. 0 4 Pb 3 , or *:Pb 3 , or 
2 Pb + :Pb. Eq. by W. 343A =0.32 + 311.1 Pb. This com- 
pound of oxygen and lead cannot be prepared easily on the small 
scale ; it is formed bv directing a stream of air upon the heated 
oxide and stirring it till it acquires a red colour, taking care not to 
melt it. By exposure to a stronger heat, it parts with a portion 
of its oxygen, and oxide of ldad remains. It may be regarded 
as a compound of two equivalents of the oxide, and one of the 
binoxide. Dr Thomson considers that the proportion of oxide 
in this compound varies, perhaps from its not being well pre- 
pared in some instances. lied lead is much employed as a 
pigmeqt. 

1079. Binoxide (or Peroxide) of Lead. Symb. 0 2 Pb, or 
:Pb ; Eq. ly W. 119.7 = 0.16 + 103.7 Pb. To prepare Bin- 
oxide of Lead, 232 grains of the red oxide may be digested in 
a Florence fe sk for a short time, with 2 drachms of nitric acid, 
and 3 ounces of water. The oxide combines with the acid, 
and forms nitrate of lead, which remains in solution, leaving 
the brown binoxide, which may bo separated by filtration. It 
is not applied to any use. I have met with several accounts 
of the action of nitric acid on the red oxide of lead, in which it 
is affirmed that it becomes white, and that much more than 
half of this oxide, instead* of less, is removed by the nitric acid. 
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I have never seen it rendered white by the action of nitric acid. 
It is decomposed by a red-heat, oxygen being given off, and 
oxide of lead left. It may also be formed by passing # stream 
of chlorine gas through a solution of the acetate of lead. 

1080. Salts of lead in solution are easily detected by a stream 
of hydrosulphuric acid gas applied in the usual way, the sulphur 
of the gas combining with the metallic lead, and forming a 
brownish-black sulphuret; which is precipitated, while the hy- , 
drogen unites with the oxygen of the oxide and forms water. A 
solution of the hydrosulphate of ammdhia may be used instead 
of hydrosulphuric acid gas. 

1081. When silver, bismuth, or mercury, and some other 
metals may be present in* the solutions examined, the black 
precipitate thrown down by hydrosulphuric acid cannot be re- 
lied on as an indication of the presence of lead, as these metals 
also give a dark precipitate with this gas. Should it be neces- 
sary, therefore, to distinguish the precipitated sulphuret from 
other sulphurets presenting a somewhat similar colour, collect 
the precipitate, wash it on a,filter, and digest it in diluted 
nitric acid. Evaporate the solution to dryness to dissipate 
any excess of the acid, make a solution in water of the resi- 
due, and test it with a solution yf the hydriodate of potassa. 
If lead be present, a yellow precipitate of iodide of lead will 
immediately be formed. Or t]ie nitrate thus procured may be 
tested with the bichromate of potassa, which occasions a fine 
yellow-coloured precipitate of chromate of lead (chrome-yellow). 

1082. Exposed to heat before the blowpipe and on charcoal, 
most of its salts readily give a globule of metallic lead, 

1083. Solutions of the soluble salts of lead are transparent 
and colourless, and give copious precipitates of a white colour 
with alkalis and alkaline carbonates, consisting of oxide and 
carbonate of lead. Sulphuric acid and solutions of sulphates 
throw down a white precipitate of the sulphate of lead ; hydro- 
chloric acid and solutions of hydrochlorates give a white preci- 
pitate of chloride of lead, the chlorine of the acid uniting with 
the metallic base of the oxide, while its hydrogen combines with 
the oxygen. Hydriodate of potassa gives a rich yellow-coloured 
precipitate, which is composed of iodine and metallic lead, a 
reaction taking place similar to what has been explained with 
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respect to hydrochloric acid and oxide of lead. Ferrocyanate 
of potassa and infusion of galls give each a white precipitate. 

1084. JMr E. Davy has pointed out another method of detect- 
ing lead and some other metals, whidfo consists in placing the 
liquid suspected to contain lead on a slip of platinum, and touch- 
ing it with a piece of zinc at that point ; a little acid being put 
along with the liquid under examination upon the platinum. A 
•galvanic action is immediately established, and, should any lead 
be present, it is immediately precipitated in the metallic form 
upon the platinum. •* 

1085. Nimate of Lead may be obtained by digesting oxide 
of lead or metallic lead in nitric acid diluted with seven parts of 
water, continuing the heat as long as any effervescence takes 
place, and evaporating the solution after filtration, till a pellicle 
appears on its surftice, wfien it may be set aside to crystallize. 
The crystals are octohedral, contain no water, and deflagrate 
when heated with inflammable matter. They are soluble in abbut 
seven parts of boiling water. Nitrate of lead is used in practical 
chemistry to furnish nitrous acid, t which it gives out when heated, 
and (it or the acetate) to indicate the presence of sulphuric 
acid, with which or salts of which, it gives a white precipitate, 
insoluble in ikitric acid, whertas other white precipitates of lead 
as the oxalate or carbonate of lead, &c. are redissolved by nitric 
acid. It is used occasionally in .the art of calico printing, to 
furnish oxide of lead for the formation of the chrome yellow. 
Several other nitrates have been described, in which more of 
the oxide is combined with the nitric acid. 

1086. Sulphate of Lead is formed whenever sulphuric acid, 
or a solution of a sulphate, is added to a solution of a salt of 
lead; it * very insoluble, and every 151.8 parts (one equiva- 
lent) contain exactly K)3.7 of metallic lead. The quantity of 
lead in a solution of a salt of lead may be easily ascertained, by 
precipitating it in- the form of ^sulphate of lead, and carefully 
drying and weighing the precipitate. Cold sulphuric acid does 
not act upon lead, but when this metal is boiled in the strong 
acid, it is oxidated, unites with a portion of the acid, and forms 
sulphate of lead, while sulphurous acid is given off. Strong sul- 
phuric acid dissolves a small quantity of this salt (306). It is 
also slightly soluble in solutions of alkalis and their carbonates. 
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Metallic lead appears when the sulphate is heated on charcoal 
before the blowpipe. 

1087. Phosphate of Lead is very insoluble. A compound 
of phosphoric acid and oxide of lead may be obtained by adding 
a solution of the phosphate of soda to a solution of the acetate 
of lead, or to a hot solution of the chloride of lead. 

1088. Carbonate of LEAD f may be prepared by adding a so- 
lution of an alkaline carbonate to a solution of the nitrate or 
acetate of lead. On the large scale, it is prepared by exposing 
thin sheets of metallic lead to the vapour of vinegar. It is usu- 
ally called Cerusse or White Lead . On the continent itis prepared 
by transmitting carbonic acid gas from the combustion of char- 
coal through a solution of the subacetate of lead. Carbonate 
of lead is precipitated, and a solution .pf the ^cetate remains, 
which is restored to the state of subacetate by digesting it with 
litharge. It is found native. The carbonate, according to Dr 
A. 1\ Thomson, is the most poisonous of the salts of lead. And 
those of its salts which most easily pass into the state of carbo- 
nate, as the subacetate, are also of a poisonous nature. By 
mixing the latter with vinegar, it is prevented passing into car- 
bonate, and may then be taken with safety into the stomach. 

1089. Acetate of Lead, or Sugar of Lead, may be obtained 
by boiling Carbonate of Lead in diluted-acetic acid. The car- 
bonate should be boiled with the acid, till it ceases to take up 
any more ; the solution is then filtered through paper, and eva- 
porated till a pellicle appears oil its surface, the acetate being 
deposited as it cools, in necdhv-shapqjl crystals, which are six- 
sided prisms and contain 3 eqs. of water. They are soluble in 
a little less than four parts of water, and the solution lias a sweet 
but styptic taste. Acetate of lead is much used in dyeing and 
calico printing, to give acetate of alumina or of iron from their 
sulphates, and to furnish lead for chrome colours. It is seldom 
made on the small scale, being manufactured abundantly. On 
the large scale it is prepared by digesting oxide of lead in strong 
acetic (pyroligneous) acid. 

1090. Dissolve some acetate of lead in spring water ; the so- 
lution is often quite turbid, the sulphuric and hydrochloric salts, 
which it generally contains, precipitating part of the lead, as sul- 
phate and chloride of lead ; the latter, however, may be retained 
in solution when $he quantity of water is considerable. 
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1091. Carbonic acid also produces a precipitate ; filter a solu- 
tion of the acetate, and add some carbonic acid water to the 
clear liqtior ; a copious precipitate is thrown down, consisting 
of carbonate of lead, and if a stream of carbonic acid be passed 
through the solution for some time, half of the oxide is separated, 
the acetic acid previously in combination with it combining with 
the acetate which is not decomposed, and converting it into bin- 

1 acetate of lead, which remains in solution, and is not decom- 
posed by carbonic apid. m * 

1092. The Ditacetate of Lead, commonly called the Sub- 
acetate of'TLead, is prepared by boiling an excess of the yellow 
oxide of lead, or litharge, reduced to a fine powder, in diluted 
acetic acid ; or a solution of the acetate may be used, which 
will afford a similar solution with the oxide of lead more 
speedily. 190.18 grains of the crystallized acetate may be taken, 
with 111.7 of the oxide of lead, and about nine ounces of water, 
previously boiled for some time to expel all the carbonic acid w'liicli 
it may contain. It bears a considerable resemblance to the ace- 
tate in all its leading chemical relations, but is more easily decom- 
posed, and is also more readily affected by carbonic acid. It pre- 
cipitates many organic compounds, and is hence sometimes em- 
ployed in analysis. When its solution has been sufficiently eva- 
porated, it is deposited* on cooling, in the form of a shining cry- 
stalline powder, having a pearly aspect. It is known by the 
name of Goulard's Extract , and consists of two equivalents of 
oxide of lead and one of acetic acid. Many, however, consider 
that Goulard’s extract, wl^en properly prepared, consists of three 
equivalents of oxide of lead and one of acetic acid. Some new 
compounds of acetic acid and oxide of lead have been lately de- 
scribed. 

1093. Chloride of Lead may be procured by adding hy- 
drochloric acid, or a solution of a hycfrochlorate, to a salt of lead 
dissolved in prater. It is precipitated in small white crystals, 
unless the solutions be very dilute. It may also be formed by 
heating thin sheet lead in chlorine. It fuses readily, and on 
cooling forms a semitransparent horn-like mass, horn lead . It 
is soluble in 30 parts of water at 60° and a little more than 20 
at 212°. Patent yellow is a mixture of chloride and oxide of 
lead made from moistened common salt and litharge. The mass 
is washed, to remove any soda formed, and tlyn fused. 
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1094. Iodide of Lead is prepared by adding a solution of 
165.7 parts of iodide of potassium to a solution of 190.18 parts 
of the crystallized acetate of lead. Iodide of lead 'is imme- 
diately precipitated of a yellow colour, acetate of potassa remain- 
ing in solution. The diagram explains the action more parti- 
cularly. 


Before Decomposition. 

165.7 Iodide of l Potassium 
Potassium (Iodide... 

163. 


Fig. 800. 


39.2- 

126.JL 


Jrdtassium ( Iodide... 126.fL 
3.18 Acetate of j Acutic Acid 51 ‘ 4 }P><C 

-■> ar-,3. > 


After Decomposition . 
-*,--^ 96.68 Acetatcfof Potassa. 


-230.2 Iodide of Lead. 


Symb. 1K6lA -Pb s= A -K & lPb. 


190.18 parts of the crystallized acetate of lead contain 163.18 
of the dry acetate. 


CHAP. III.— COPPER. 

Symb. Cu. Eq. by W. 31.7- Sp. <J r - 8.8. Melts at 1996° 
(Daniell.) 

1095. Native copper is not abundant. The copper of which 
such large quantities are employed in the various arts, is ex- 
tracted from ores of this metal, of -which there are some rich 
mines in Cornwall. There are chiefly two ores from which 
copper is extracted ; copper pyrites , consisting of sijjphuret of 
copper and sulphuret of iron ; and grey cqpper-ore, which, besides 
sulphuret of copper, contains sulphuret of antimony, arsenic, or 
silver. These ores are mixed with a quantity of siliceous mat- 
ter, which is of some service in aiding the reduction of the ore. 

1096. The ore is first roasted in a reverberatory furnace with- 
out fusing it, by which the arsenic and a great portion of the 
sulphur are driveii off, and part of the iron is oxidated. It is then 
placed in a melting furriSce and fused, being frequently stirred 
at the same time. A slag, consisting of siliceous matter and the 
oxide of iron, is separated, rises to the surface, and is removed. 
An additional quantity of roasted* ore is added, the slag again 
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skimmed off, and this repeated until the furnace is full. The 
fused mass is then run into water. It is again roasted, for a 
longer period, in a reverberatory furnace, to oxidate the iron and 
dissipate the sulphur more completely, melted, and slag sepa- 
rated as before. This is again repeated. It is then melted 
and exposed to a current of air at a high temperature. Lastly, 
it is refined or toughened by again heating it, melting it, covering 
ft with charcoal, and stirring it with a pole (of birch) put into 
the fluid mass. This^ completes the deoxidation of the copper, 
and it is now possessed of that tenacity, malleability, and ducti- 
lity for which' it is so much prized. Frequently iron, or silica, 
or some of the slag, or unreduced ore; requires to be added in 
the first and second operations, according to the composition of 
the ore. 0 

1097. A finer kind of copper, supposed to be more free from 
oxide, was prepared by Mr Muslict, by fusing it again and add- 
ing about of its weight of zinc. It is probable that the zinc 
carried off the remaining oxygen in the form of oxide. 

1098. Copper is procured in fcmall fragments by melting it 
and pouring it through a perforated ladle into water. If the 
water be warm, the copper forms hecui-shot, of a smooth rounded 
form ; if kepi cold, the copper then forms feathered-shot , which 
has ragged edges. 

1099. When copper is required extremely pure, or in a very 
miimte state of division, it may be obtained by putting a piece 
of zinc into a solution of the sulphate of copper, the zinc taking 
the oxygen of the oxide of « copper and the sulphuric acid, and 
sulphate of zinc remaining in solution, while the copper is pre- 
cipitated in the metallic form. Iron may be used instead of 
zinc ; in either case, the r metal employed to precipitate the copper 
from the solution may be left in the liquid, till its blue colour 
almost entirely disappears. 

1100. If a pfece of copper be required with a bright metallic 

surface, it may easily be obtained by rubbing it with a piece of 
cloth dipped in dilute hydrochloric acid. If a piece of copper 
be exposed to a red heat for ten minutes, a film of oxide is 
formed on its surface, and on plunging it into cold water, the 
metal that still remains immediately contracts, and the oxide 
is thrown off in scales, leaving the copper of its characteristic 
tint. « 
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1101. Copper has a peculiar red or reddish-brown colour. It 
is rather a hard metal, but at the same time possesses malleabi- 
lity and ductility in a high degree. In tenacity it is inferior 
only to malleable iron. It is said to vaporize when heated in- 
tensely ; and is oxidated and burns with a greenish light under 
the oxy-hydrogen blowpipe. 

1102. Copper is slowly oxidated at ordinary temperatures in 
an atmosphere not free from watery vapour and carbonic acid, 
becoming covered with a greenish crust *of carbonate of the 
oxide of copper. It is not oxidated by water even at a red heat, 
unless air or free oxygen be present. At a red heat it is quickly 
oxidated in air, scales of the black oxide being formed. At lower 
temperatures than a red heat, it absorbs less oxygen, and be- 
comes coated with a very thin film of red oxide, which give it a 
yellow, orange, or brown colour, according to the degree of oxi- 
dation. In this manner, vessels, &c. made of copper are fre- 
quently bronzed. Copper is acted on slowly by the sulphuric 
anjJ hydrochloric acids, unless the acids are strong and at a high 
temperature. Chlorine quickly acts on copper when the metal 
is in fine leaf (548). Nitric acid is its proper solvent, acting on 
it as has been described in par. 164-5. 

1103. Dinoxide of Copper (Suboxide or Red (5xide of Cop- 
per). tfymb. OCu*, or Cu* ; Eq. by W. 71.4 =0.8 -h 63.4 Cu). 
This is a native production, foilnd in copper-mines, in octohe- 
dral crystals of a dark red colour. It may be procured by add- 
ing potassa to a solution of hydrochlorate of the dinoxide of 
copper, being then precipitated of an orange colour in union 
with some water. It may be also prepared by mixing inti- 
mately, and heating in a crucible, equivalent weights of copper in 
tilings, and the oxide of copper ; or, thin sheets of copper heated 
with alternate layers of the oxide, out of access of air, may be 
employed. It may also be formed by fusing the hydrochlorate of 
the dinoxide of copper with an equal weight ttf carbonate of 
soda. Chloride of sodium and red oxide of copper are procured, 
and the chloride is removed by solution in water. 

1104. The dinoxide has a great tendency to pass into oxide. 
At a red heat it absorbs oxygen and becomes black oxide. By 
strong hydrochloric acid it is dissolved, and also by ammonia, 
colourless solutions being formed in both cases. The solution 
in ammonia speedily becomes blue when exposed to the air, oxy- 
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gen being absorbed. Dilute acids resolve it into oxide of cop- 
per, with which the acid unites, and metallic copper. 

1105. Oxide of Copper (called also Peroxide of Copper, 
Black Oxide of Copper). St/mb. OCu or -Cu ; Eq . by W. 39.7 
= 0.8 + 31.7 Cu. The black oxide occurs native, forming 
what is called Copper Black . It may be prepared by adding po- 
tassa in excess to the sulphate or nitrate of copper, and heating 
the precipitated oxide to expel any water ; a disulpliate is first 
formed. When the nitrate of copper is exposed to a red heat 
in a crucible, the acid is expelled and oxide of copper is left. 
When metallic copper is highly heated, a coating of this oxide 
is formed on its surface, which separates in scales as the metal 
cools and contracts, or may be more quickly removed by plung- 
ing it while hot injto cold* water. There is a very thin film of 
metallic copper on its inner surface, which may be oxidated by 
keeping the scales at a red heat for some time in contact with 
air. 

1106. Expose some of the oxide of copper to a bright red 
heat in a crucible, with a seventh part of its weight of charcoal. 
Carbonic oxide is disengaged, and the copper is procured in the 
metallic form. 

1107. This is the basis of the salts of copper, uniting with 
the acids, and forming with them compounds of a blue or green 
colour, chiefly very soluble. It & not soluble in solutions of the 
fixed alkalis, but when fused along with their carbonates, the 
carbonic acid is expelled, and a compound of the alkali and the 
oxide of copper is left. It is particularly distinguished by its 
solubility in ammonia. 

if 08. JPut some of the oxide of copper into a small bottle 
nearly full of the wat^r of ammonia, and shake it frequently. 
Part of the oxide is dissolved, and the solution has a very rich 
blue colour. If a quantity of copper-filings be added to the 
solution, and the bottle well closed, so as completely to exclude 
the access of air, one portion of the metallic copper combines 
with part of the oxygen in the oxide, reducing it to the state of 
dinoxide, while the metallic copper is also converted into din- 
oxide, and a clear and colourless solution is obtained in a few 
days, consisting of water of ammonia and dinoxide of copper. If 
the #ork be then opened, and air be allowed to enter freely, the 
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blue colour again returns, the dinoxide attracting oxygen, and 
being converted into oxide. 

1109. Put some metallic copper into water of ammonia, and 
allow them to ftmain mixed together for some hours ; the cop- 
per acquires oxygen from the water, and a small portion of 
oxide is formed; this is speedily dissolved by the' ammonia, and 
the usual blue colour appears. In this experiment the air com- 
municates oxygen to the water, and this element is then handed 
over to the copper. The preceding experiment (1108) proves 
that copper is not oxidated by water when the air ^excluded. 

1110. Hence copper vessels may be safely used for preparing 
various liquids, without an Jr risk of copper being dissolved, if 
care be taken that the liquid contain no free oxygen. Even 
many acid liquids do not corrode copper vessels ^n which they are 
merely boiled, though they corrode it rapidly when they are left 
in \\ at natural temperatures, and freely exposed to the air, 
oxygen being then absorbed- During ebullition, this is not only 
prevented, but any which the liquid may have previously at- 
tracted is expelled. 

1111. Binoxide of Copper. Symb. 0* Cu or :Cu. Eq. by 
W. 47.7 = 0.16 + 31.7 Cu. It w^as prepared by Thenard by the 
action of hydrate of the oxide of copper with diluted’binoxide of 
hydrogen. It must be quickly dried in ’ vacuo over sulphuric 
acid. It contains two equivalents of oxygen and one of copper. 

1112. Copper is in general easily recognised, when in solu- 
tion, by the deep blue or green colour which it communicates 
to the liquid in which it is dissolved, and by the precipitation of 
metallic copper that takes place, on introducing a piece of zinc 
or iron after neutralizing any excess of acid that may, be pre- 
sent. Ammonia, added to a solution of apy of the salts of cop- 
per, unites with the acid, and precipitates oxide of copper, 
which may be redissolvecf by an additional quantity of ammo- 
nia, the solution then acquiring the deep blue colbur that indi- 
cates the presence of this metal. In solutions of salts of nickel, 
a similar effect is produced. Copper and nickel may be distin- 
guished by ferrocyanate of potassa (1114). 

1113. When copper is present in a very small quantity, more 
especially when it is mixed with organic matters, the materials 
under examination ought hrst to be boiled with water 5 the cop- 
per is then to be precipitated by hydrosulphuric acid, boiling 
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the liquid afterwards to expel any excess of gas, and digesting 
the precipitate in nitric acid diluted with an equal weight of 
water ; after which, on adding an excess of ammonia, the cha- 
racteristic blue colour appears. It is necessary to incinerate 
the precipitated sulphuret, before treating it with nitric acid, 
that any animal or vegetable matter mixed with it may be de- 
stroyed. Dr Cliristison has pointed put the important improve- 
ment of treating the substance under examination with diluted 
acetic acid, before passing the hydfosulphuric acid through the 
solution obtained by boiling with water, as this acid removes 
oxide of copper from many animal and vegetable matters, af- 
fording, therefore, in numerous instances, a larger quantity of 
material to operate upon. 

1114. Ferroeyanate of potassa gives a very characteristic pre- 
cipitate with solutions of salts of copper. It consists of ferro- 
cyanate of copper, and has a dark mahogany colour. With salts 
of nickel, the ferroeyanate of potassa gives a greyish-white pre- 
cipitate. Galls give a brown precipitate with salts of copper. 

1115. With hydrosulphate uf ammonia and salts of copper, 
a brownish-black precipitate is produced. * Sulphuret of copper 
and water are formed, the ammonia remaining in combination 
with the acid formerly combined with the copper. 

1116. All the salts' -of copper communicate a green or blue 
tint to inflammable matter in A state of combustion, when they 
are moistened. This is best shewn by mixing ten or twelve 
grains of the hydrochlorate of copper with half an ounce of al- 
cohol, and exposing the mixture to a good heat over a chauffer, 
inflaming the alcohol whenever it begins to boil. The colour 
is flsual^r green at first, but passes ultimately to a fine blue. 

SALTS OF COPPER, &C. 

1117. The^salts of the dinoxide are generally free from colour, 
but those of the oxide have a dee}) blue or green colour. 

1118. To prepare Nitrate of Copper, put two parts of cop- 
per-clippings into four of nitric acid, diluted with twice its bulk 
of water, and digest the mixture for a short time, till all effer- 
vescence ceases. Then pour off the clear solution, and evapo- 
rate it till a pellicle begins to appear on its surface, when it 
may be set aside to crystallize. During the solution of the 
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copper in the acid, a large quantity of irritating fumes are pro- 
duced, which ought to be carefully avoided ; they are formed by 
the binoxide of nitrogen that is disengaged attracting oxygen 
from the air and being converted into nitrous acid (See 164-5). 
Nitrate of copper is a very deliquescent salt, and must accord- 
ingly be kept in close vessels ; the crystals are prismatic and of 
a fine blue colour. They have an acrid taste, and are rather 
caustic. Nitrate of copper is soluble both in water and in alco- 
hol. Its crystals contain a considerable quantity of water of 
crystallization. They liquefy at about’ 100°, lose their water 
and part of their acid by a higher temperature, and at a red- 
heat nothing remains but oxide of copper. It has been used 
lately with great success as’ an escharotic. 

1119. Spread a drachm or two of the nitrate in powder on a 
piece of tin-foil several inches square, moisfen it with two or 
three drops of water, and fold it up quickly, taking care to 
throw it down whenever it begins to grow hot. The tin de- 
composes it, attracting oxygen ; great heat is produced at the 
same time, and a quantity of gas is evolved ; a number of sparks 
are also seen, small ^portions of the tin burning with a red light. 

1120. Subject nitrate of copper to a temperature of about 400° ; 
part of its acid is discharged, and a trinitrate or subnitrate is 
left, of a deep green colour. It is insoluble in water. It con- 
sists of 3 eqs of oxide of copper, 1 of acid, and some water. 
This salt is precipitated also when potassa is added to an excess 
of the nitrate. 

1121. Sulphate of Copperas seldom prepared in the labo- 
ratory, as it is manufactured in large quantities for use in the 
arts. It is procured by evaporation from mineral waters of 
copper mines ; formed by the oxygenation of the native sulphu- 
ret, by roasting it, and exposing it to air and moisture ; or by 
dissolving the oxide in diluted sulphuric acid. It may also be 
formed by boiling sheet-copper of copper-filings .in strong sul- 
phuric acid, sulphurous acid being given off. It is the residuum 
of some operations for refinipg gold and silver. It has been 
long known by the .name of blue vitriol. Its solution in water 
crystallizes readily, when evaporated till a pellicle appears on 
its surface. The crystals are of a blue colour and soluble in four 
parts of cold and in two of boiling water. They contain about 
five equivalents of water of crystallization. All the water is 
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driven off by a heat a little above 430°, and by a higher tempe- 
rature, the acid is expelled and oxide of copper remains. It is 
employed as an escharotic. 

1122. The Ammoniated Copper of the different Colleges, 
called also, Sulphate of Ammonia a nl> Copper, is prepared 
by mixing two parts of crystallized sulphate of copper with 
three of the sesquicarbonate (common carbonate) of ammonia, 
rubbing them in a mortar till they become quite moist, and till 
the mixture acquires a yery rich blue colour ; it should then be 
dried with a very gentle heat, or simply by bibulous paper, 
and put immediately into bottles which must be well stopped. 
In this process, the ammonia of part of the carbonate unites 
with the sulphuric acid and oxide of copper in the sulphate, and 
carbonic acid is disengaged with effervescence, the water of 
crystallization in the sulphate being set at liberty, and remitting 
it quite moist. It contains sulphuric acid, oxide of copper, 
ammonia, a considerable quantity of water, and perhaps some 
carbonic acid. If it be exposed freely to the air for some time, part 
of the ammonia is disengaged, and it loses its fine blue colour. 

1123. Sulfhuret of Copper (composed of one eq. of each 
ingredient) is formed when a stream of hydrosulphuric acid gas 
is transmitted through a sofution of the sulphate of copper. It 
is precipitated of a d^rk brown colour, gradually deepening in 
tint. When exposed to a strong heat, half of its sulphur is ex- 
pelled, and a disulphuret remains. Common copper-pyrites 
contains the sulphuret, associated with sulphuret of iron. 

1124. His ulp hu u ft oy Copper (consisting of one eq. of 
sulphur and two of copper) may be formed by heating 8 parts 
of Copper-filings and 3 of flowers of sulphur, previously inti- 
mately Tlended together. During the combination, heat and 
light are evolved, 'rtie experiment may be made in a Florence 
flask, heated over a chauffer or lamp* in the manner described 
in 317, page*104. The native ore called glcmce-copper is a di- 
sulphuret. 

1125. Di carbonate of Copp^p is easily obtained by adding 
a solution of the carbonate of potassa to a hot solution of the 
sulphate of copper, as long as any precipitation takes place. It 
contains two eqs. of the oxide of copper, one of carbonic acid, 
and one of water. It is of a greenish-blue colour, and dissolves 
with effervescence in diluted sulphuric, nitric, hydrochloric, and 
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acetic acids. By heat, the carbonic acid and water are expelled, 
and „ oxide of copper remains. Mineral green , and the native 
green copper-ore, malachite , are similar in composition. 

1126. By boiling the precipitated dicarbonate m hue powder 
in water, it becomes brown, having lost its water according to 
some, and its carbonic acid also, according to others. The dry 
dicarbonate occurs native in India. 

1127. The greenish rust formed on metallic copper when 
exposed to air and moisture, is a dic^bonate, in union with 
water. 

1128. Blue Verditkr is a compound of carbonic acid and 
oxide of copper with a little water. It is formed by the action 
of chalk with nitrate of copper, or by precipitation from a 
diluted cold solution of sulphate of copper by carbonate of po- 
tassa. It contains two ctjs. of carbonic acid, three of oxide of 
copper, and one of water. The native mineral, called blue 
copper-ore, is of the same chemical constitution. 

1129. Acetate of Copper (or crystallized verdigris). This 

salt is prepared by dissolving common \ verdigris in distilled 
vinegar (acetic acid), evaporating the solution till a pellicle ap- 
pears upon its surface, and crystallizing, when oblique rhombic 
prisms of a bluish-green colour appear. The crystals are 
sparingly soluble in alcohol. They are 'dissolved by twenty 
parts of cold, and five of boiling water. They contain one eq. 
of acetic acid, one of oxide of copper, and one of water. It is 
slightly efflorescent. When distilled, it yields strong acetic 
acid ; and in the retort a mixture of carbon and oxide of copper 
(or metallic copper in a minute state of division) remains, which 
is sometimes spontaneously inflammable. • 9 

1130. Diacetate of Copper (subacetate of copper, or ver- 
digris). This salt is extensively used as a pigment. It is pre- 
pared by exposing thin sheet copper to the action of acetic acid 
(vinegar is used) or its vapour. Sheets of copper, in contact 
with alternate layers of cloth steeped in vinegar, become soon 
covered with verdigris, which is then removed, and the remain- 
ing copper exposed ' in the same way. The refuse of the wine 
manufacture, in a state of acetous fermentation, is employed on 
the Continent to yield the acetic acid. It forms in needle-shaped 
crystals, of a silky lustre, and a blue colour. It consists of one 
eq. of acetic acid, two of oxide of copper, and about six of water. 
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The peculiar action of water upon it will be mentioned imme- 
diately, see 1132. 

1131. Verdigris' is frequently adulterated with chalk or plaster 
of Paris. To detect either of these substances, all that is ne- 
cessary is, to mix some with water in a glass, adding a little 
sulphuric acid, and stirring the mixture Avith a glass-rod. All 
the verdigris Avill be dissolved, and a blue-coloured solution of 
the sulphate of copper will be formed, the acetic acid of the 
\ r erdigris remaining in, the liquid* ; if any sulphate of lime or 
chalk should have been mixed with it, a Avhite powder will re- 
main at the bottom of the liquid. 

1132. Digest verdigris for half an hour in five or six times its 
weight of water in a Florence, flask. It is resolved into tAVo 
salts, one which is insoluble, and another which remains in solu- 
tion in the liquid. Three eqs. % of verdigris give one eq. of each 
of these salts, as is represented in the following diagram. The 
water of the verdigris and of the salts formed is omitted. 

t fig. 201. 

. 2 Acct. Acid 102.90 #222.06 Sesquiacotate of Copper 

2 eqa. ) 2 Oxide Copp. 79.4 

Verdigris, 1 1 Oxide Copp. 39.7-^^ 

' la Oxide Copp. 39.7^^ 

1 eq. ( 2 Oxide Copp. 79. 4^ 

Verdigris, { 1 Acet. A. - v 51.48 — 170.58 Tritacetate of Copper. 

Syinb. 3 (A + 2 -Cu) =*2 A + 3-Cu &. A + 3 Cu. 

1133. The Sf.squiacetatk is the soluble salt. The Tkit- 
acetatk is insoluble. They may be separated by filtration. 
The sesquiacetate contains ab6ut six equivalents of Avater, the 
tritacetate only tAvo. 

1134. Chlorine readily combines with copper if introduced 
into the gas in the state of filings or fine leaf. It takes fire, 
and both chloride and dichloride of c copper are formed. See 
par. 548. The former compound is volatile, the latter is fu- 
sible, but not so readily vaporized. 

1135. Chloride of Copper (St/mb. CICu ; Eq . by W. 67.2 = 

Cl 35.5 + 31.7 Cu). This is best procured by evaporating a so- 
lution of hydrochlorate of copper to dryness, by a heat not above 
4fc/y\ If the heat be too great, half of the chlorine is expelled, 
and the dichloride remains. It is of a yellow colour, but in 
contact with air, absorbs moisture, and becomes white and then 
green. * 
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1136. The Hydrochloratk of Copper, or hydrate of chlo- 
ride of copper, may be procured by digesting the oxide of cop- 
per in hydrochloric acid diluted with an eqftal bulk of water. 
The precipitated dicarbonate may be used instead of the oxide. 
On concentrating the liquid, green acicular crystals are pro- 
cured. These are very soluble both in water and alcohol, and 
arc also deliquescent. It$ solution is of a dark green colour. 

1137. Dichloride of Copper ( 8ymb . Cl + 2Cu; Eq. by W. 
38.9 = Cl 35.5 -+• 63.4 Cu). '1'his compound may be procured 
by exposing copper-filings (or a plate of copper) to the action 
of the green solution of the hydrochlorate in a well stopped 
bottle filled with the liquid, shaking it frequently. The solu- 
tion becomes gradually colourjess, and crystals of the diclilo- 
ride are deposited. It was formerly prepared under the name 
of resin of copper by exposing t^heat two parts of corrosive sub- 
limate and one of copper-filings intimately mixed. It remains 
when the chloride is exposed to heat. It may also be procured 
by the action of chloride of tin with chloride of copper. Di- 
cldoride of copper has a Ayhitish or amber colour, fuses at a little 
below a red heat, and is insoluble in water. It is dissolved by 
the nitric and hydrochloric acids ; £rom its solution in the latter 
it may be precipitated as a white powder by water. Potassa 
precipitates dinoxide of copper. 

1138. When exposed to air and moisture, it absorbs oxygen, 

and passes into a compound of oxide of copper and chloride of 
copper, which has a green colour. The same substance may be 
formed by the action of hydrochloric acid and air on sheet-cop- 
per partly immersed in the acid. It is known by the name of 
Brunswick green . ’ 

1139. The dichloride in union with water (or hydrochlorate 
of the dinoxide), is found native ; formerly it was termed sub 
muriate of copper. 
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CHAP. IV! — ZINC (commonly called SPELTER). 

ftymh. Z. Kq. by W. 32.3. Sp. gr . 6.8 to 7.1. It fuses at about 
773°. At low temperatures , and near its fusing point , zinc is 
brittle , to 7$ malleable and ductile at about 300°. It is va- 
porized by a white or full red-heat By cooling the fused metal 
slotrly , it may be procured in prismatic crystals. 

1140. Mix 500 grains of the oxide of zinc with 100 of char- 
coal, make the mixture into a paste with oil, and expose it to a 
bright red heat in a furnace. r The carbonaceous matter com- 
bines with the oxygen *of the oxide, forming carbonic acid or 
carbonic oxide, and metallic zi$c is at the same time volatilized, 
burning with a fine bluish-green-coloured flame, and being again 
converted into oxide of zinc. Hence the impossibility of ob- 
taining zinc in the metallic form by the usual process for re- 
ducing a metallic oxide. In manufactories, the pots or crucibles, 
containing the mixture from which it is procured, are closed at 
the top, and a tube open a{ both ends is made to pass through 
the bottom ; the metallic zinc and carbonic acid disengaged 
enter at the extremity of the tube within the crucible, and passes 
out t>y the other extremity, * to w 7 hich another tube is fitted 
when the zinc is fit for being collected, condensing it, and al- 
lowing it to drop into a tub of waiter which is placed below. 

1141. Metallic zinc i&rnot found native. It is procured from 
two of its ores, Calamine (carbonate of zinc), and Zinc Blende 
(sulphuyet of zinc). The calamine is sometimes roasted first ; 
and the sulphuret is always roasted, in a reverberatory furnace, 
by which it is oxidized. The ore is then mixed with small coal 
or other carbonaceous matters in a covered pot or crucible, and 
heated, when the metallic zinc is separated, and vaporized by 
the heat. The vapour is concluded from the crucible by an iron- 
tube as described above, and the condensed zinc drops into 
water. The first portions are rejected, frequently containing 
cadmium and arsenic, which is known by the vapour being 
brown when set fire to. When it burns blue, tiie metal is purer, 
and is then condensed. 

1142. The zinc thus procured is .still impure, containing iron, 
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copper, lead, arsenic, cadmium, sulphur, carbon. It may be 
partly purified by redistillation in an earthen retort, exposing it 
to a white heat, and condensing the vapour in a receiver con- 
taining water. The vapour that comes over first should be al- 
lowed to escape, as it will contain the arsenic and cadmium. 
The following process is also recommended. Dissolve the purest 
common zinc in diluted sulphuric acid, place a piece of metallic 
zinc in it and leave them for a week or two ; then filter the so- 
lution to separate any impurities which-, the acid may leave un- 
dissolved, which appear as a dark powder. Then precipitate car- 
bonate of zinc by adding carbonate of potassa to the solution of 
the sulphate, and after washing the carbonate well,’ reduce it by 
charcoal in a retort heated in a/urnace, collecting the zinc that 
distills over as before. * * 

1143. When zinc is require^ in small fragments, it may be 
easily obtained by melting it in an iron ladle and dropping it 
into water. See par. 55. Though classed among the brittle 
metals, it cannot be easily broken into small pieces by a hammer. 

1144. Zinc has a white qolour, with a tinge of blue, and a highly 
crystalline texture. This metal is scarcely oxidated, or at least 
with extreme slowness, when exposed to the air. Its lustre is 
tarnished, but excepting an extremely thin film (of suboxide, or 
oxide mixed with metallic zinc), there is ,r no oxidation. Tjnder 
water at ordinary temperatures, if exposed to air, it ft also 
slowly oxidated. It readily oxidates in air or water at a high 
temperature. In air it bugiis with a bluish-white flame, taking 
fire, according to Daniell, at 941°. Zinc is dissolved by acetic 
acid. It is quickly dissolved by nitric, hydrochloric, and sul- 
phuric acids, hydrogen gas being evolved in the two lattey ca&es ; 
and a little zinc is said to be carried over # in union with the hy- 
drogen. Strong sulphuric, acid docs not act upon it without the 
aid of heat. Zinc precipitates maijy metals from their solutions, 
but is not itself precipitated by any other metal. * 

1145. Oxide of Zinc (Symb. OZ or Z ; Eq. by H r . 40.3= 0.8 
q- 32.3 Z.). This is the only compound of oxygen and zinc re- 
garding which we possess any precise knowledge. It may be 
procured by the direct combination of its elements, by exposing 
the carbonate to a red heat, or by precipitation from a solution 
of the sulphate by an alkali. It is white when cold, when heated 
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intensely it becomes yellow, but is white again when cool. It 
is insoluble in water, but is dissolved by strong ammonia. 

1146. Put half an ounce of zinc into a crucible capable of 
containing eight or nine ounces of water, and expose it to a good 
red heat in a furnace or open fire. A crust of oxide soon gathers 
on its surface, and in a short time, part of the metallic zinc 
begins to be volatilized, burning with a rich bluish-green flame ; 
if it be then removed from the fire, inclining the crucible to one 
side, and if the oxide a,t the surface be removed from time to 
time as it is^ formed, a considerable quantity may be obtained ; 
a portion of the oxide is carried up mechanically by the current 
of hot air arising from the crucible, and has usually the appear- 
ance of very fine wool. This method of forming Oxide of Zinc 
is one of the pharmaceutical processes for preparing this sub- 
stance. Procured in this manner, it is termed flowers of zinc, 
philosopher’s wool, &c. 

* 1147. Another method of obtaining oxide of zinc, is, by add- 
ing a solution of potassa, soda, or ammonia, to a saturated so- 
lution of the sulphate of zinc, ^diluted with about fifteen times 
its bulk of water. Care must be taken not to add an excess of 
any of the greeipitants, as it would redissolve the precipitated 
oxide. The best method of proceeding, when the quantity of 
alkali in a given weight of the solution employed is not known, 
is to add small quantities at a time, taking out a little of the 
clear solution at the top with a pipette, after shaking the mix- 
ture well and allowing it to remain aj rest for a short time, and 
testing this by itself fvith u little 'of the alkaline solution ; if any 
precipitate be then thrown down, more alkali must be added, 
but if n^pe appear, this shews that all the oxide has been already 
precipitated. A hydrated oxide is thus thrown down, which may 
be deprived of water by a red heat. 

1148. Zinc is easily distinguished from any of the preceding 
metals, when^in solution, by the white precipitate which it 
gives when a current of hydrosulphuric acid gas is transmitted 
through the liquid. Solutions of the hydrosulphate of ammonia, 
and the hydriodate or ferrocyanate of potassa, also give a white 
precipitate. Galls give no precipitate. Potassa and ammonia 
precipitate the oxide, as a bulky white powder, and the preci- 
pitate is redissolved by an excess of the precipitant. 
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1149. Nitrate of Zinc may be obtained, by pouring two 
parts by weight of nitric acid, diluted with live or six times its 
weight of water, on one part of metallic zinc, evaporating the 
solution till a pellicle appears on its surface. It crystallizes in 
four-sided prisms. If the nitric acid be diluted with a very small 
quantity of water, as half its bulk, a very violent reaction takes 
place, and a large quantity pf gaseous matter is disengaged. The 
nitrate is very deliquescent, and soluble in both water and al- 
cohol. The crystals contain about six equivalents of water. 

1150. Sulphuret of Zinc. This is the native mineral — zinc 
blende . It may be procured by heating a mixture of oxide of 
zinc and sulphur in a covered crucible, or by heating the hy- 
drate of sulphuret of zinc precipitated by hydrosulphuric acid. 

1151. Sulphate of Zinc (white vitriol) is easily procured in 
crystals, by evaporating the solution that remains in the prepa- 
ration of hydrogen gas by zinc, water, and sulphuric acid (51, 
page 17), after it has been digested for a short time with an ex-^ 
cess of zinc. It crystallizes in right rhombic prisms, transparent 
and colourless. In the crystals, every equivalent of the sulphate 
(80.4) is combined with seven equivalents of water (63). They 
are soluble in two and a half parts of water at 60°, and are dis- 
solved in large quantity by boiling water. It is easily fused, 
and soon loses its water of crystallization." By a very high tem- 
perature, the acid is entirely expelled. It reddens the vegetable 
blues. 

1152. For use in the art§, this salt is prepared from the native 

sulphuret, zinc blende , by roasting it, extracting the soluble parts 
in water, evaporating, and crystallizing. Prepared in this man- 
ner, it contains iron and other metals. These may be r^moVed 
by dissolving it in water, and putting zinc filings into the liquid. 
These precipitate the othe;r metals, and the sulphate is separated 
in solution by filtration. , 

1153. Carbonate of Zinc and Sulphate of** Potassa are 
formed, when a solution of the carbonate of potassa is added to 
a solution of the sulphate of zinc, a mutual decomposition taking 
place. The carbonate, being insoluble, is precipitated as a 
white powder, and the sulphate of potassa remains in solution. 
The salts should be dissolved separately in eight or nine times 
their weight of water, that there may be sufficient to retain 
the sulphate of potassa in solution when they have been mixed 
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together ; 69.32 parts of the carbonate of potassa are required 
for the decomposition of 143.4 of the crystallized sulphate. The 
carbonate thus formed contains some water. Calamine is a car- 
bonate of zinc. * 

1154. Acetate or Zinc may be obtained, by digesting me- 
tallic zinc or the oxide in acetic acid, and concentrating the so- 

# lution by evaporation, when, it is deposited in small crystals. 
It may also be formed, by mixing a solution of the acetate of 
lead with a solution of /he sulphate of zinc, a double decompo- 
sition taking place in the manner represented in the diagram. 

?lg.202. • 

Before Decomposition. • After Decomposition. 

Sulphate of j Oxide of Zinc 40.3-t —*91.78 Acetate of Zinc. 

Zinc | Sulphuric A<^d 40. 

Acetate of J Acefic Acid 51.48^^^!^ 

Lead \ Oxide of Lead 1 1 1.7. - fl Sulphate of Lead. 

•»* 

*The sulphate of lead, being insoluble, is precipitated, and the 
acetate of zinc remains in solution. As both salts contain water 
of crystallization, in the form in which they are usually met, allow- 
ance must be made for this in weighing out the materials. The 
solution of Jhe acetate of the Edinburgh Pharmacopoeia is pre- 
pared, by mixing 60 grains of the sulphate of zinc with 80 of the 
acetate of lead, dissolving each previously in ten ounces of dis- 
tilled water, and filtering the liquid afterwards to separate the 
sulphate of lead. 

1155. The aeetatg^of zinc crystallizes in rhomboidal plates 
with a shining lustre. The crystals contain a large quantity 
(abqut seven eqs.) of water. It is extremely soluble in water ; 
and hajJ<a bitter and somewhat metallic taste. 

1156. Chloride of Zinc may be obtained in solution (hy- 
drochlorate), by mixing hydrochloric .acid and zinc in a glass 
vessel, dilutqy* the acid with* a third of its bulk of water ; hy- 
drogen ga£ is disengaged. By evaporating to dryness and heat- 
ing to redness in a glass- tube, dry chloride is procured. It is 
formed when filings of zinc are thrown into chlorine gas. It 
was formerly obtained by heating a mixture of zinc-filings and 
corrosive sublimate, and termed butter of zinc. It is deliques- 
cent, and fuses at a temperature above 212°. It is somewhat soft 
even at ordinary temperatures. 
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CHAP. V— ANTIMONY. 

SymL Sb. Eq. by W. 64.6. S 'p. gr. 6.7. It melts at 810°, and 
is volatilized by an intense heat . 

** i 

1157. Mix 400 grains of nitre with 800 of cream of tartar, 
and 1200 of the sesquisulphuret of antimony (the common sul- 
phur et), all reduced previously to powder, and throw the mix- 
ture, in small quantities at a time, into a red-hot crucible, ca- 
pable of containing at least .12 or 14 ounces of water. A rapid 
deflagration takes place, a lai;ge quantity of fumes are dis- 
engaged, and metallic antimony is found at the bottom of the 
crucible ; after the mixture is completely fused, allow it to rest 
in one position till it becomes cold, before taking the metal out. 
If the materials should not fuse as the deflagration takes place, » 
the crucible must be returned to the furnace till the mass that 
remains becomes quite liquid. On the large scale crude tartar 
is employed, instead of cream of tartar. 

1158. In this process, the potass# of the nitre and cream of 
tartar is fused, and attracts the sulphur of the sesquisulphuret, 
the metallic antimony being at the same time melted, and falling 
through the saline matter that floats above. It is evident that 
if the temperature be not sufficient to render the whole com- 
pletely fluid, instead of obtaining a large button of metallic an- 
timony at the bottom, it will be diffused through the mass in 
minute globules, which will not be easily separated. The nitric 
acid of the nitre assists the reduction, by oxygcnatingAhe'car- 
bonaceous matter of the tartaric acid and part of the sulphur 
of the sesquisulphuret of yntimony. 

1159. Another method by which metallic antimony is often pre- 
pared from the sesquisulphuret, eonsist^in fusing'lt along with 
iron-filings, and adding a small quantity of nitre. For this pur- 
pose, 800 grains of the sulphuret may be mixed with 400 of 
iron-filings, exposed to a red-heat in a crucible, which need not 
be so large as the one required for the preceding process, and 
200 grains of nitre must be added whdti the mixture is fused. 
The sulphur combines with the iron, forming sulphuret of iron, 
which is melted by the heat, and the potassa of the nitre ren- 
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ders the whole more liquid, the metallic antimony collecting at 
the bottom of the crucible as before. After the nitre is added, 
the mixture should be stirred with an iron rod before taking it 
from the fire. The nitric acid is completely decomposed. 

1160. Instead of leaving the materials in the crucible, they 
may be poured out into an iron plate, which should be heated 
previously, to render it completely dj;y. A small mould may be 
easily made by folding a piece of sheet-iron into the form of a 
cone, or a red-hot old crucible may be used, which can be broken 
subsequently, so as to shew the position of the button of anti- 
mony below the flux. 

1161. In both cases, the heat must never be continued longer 
than may be necessary to render the mixture liquid, as the an- 
timony soon begins to be dissipated, burning with a bluish-white 
flame. 

1162. The antimony thus procured is not perfectly pure. The 
greater part of the impurities may be removed by dissolving the 
metallic antimony in nitro-muriatic acid,, and throwing the so- 
lution into water. A white powder will be precipitated con- 
taining the antimony. When this white powder is well washed, 
dried, mixed with twice its weight of tartar, and exposed to 
heat, until fused, in a covered crucible, a button of very pure 
metallic antimony is obtained. Dr Thomson recommends the 
antimony to be purified by reducing it to a fine powder, mixing it 
with its own weight of antimonic acid, and fusing it in a crucible. 
The impurities are oxidized by the oxygen of the antimonic acid, 
and pure antimony is left. 

1163. Antimony is a brittle metal, readily reduced to powder 
in a f mortar. It has a white colour, with a tinge of blue, con- 
siderable lustre, and fi laminated crystalline texture. It may 
be crystallized easily by melting it, and cooling very slowly. 

1164. Its lustre is tarnished by exposure to air and moisture, 
or by being kept uiider^ water. By long exposure, a dark film 
forms on its surface, being partly oxidated. But the oxidation 
goes on with extreme slowness. It is quickly oxidated by 
watery vapour passed over it at a red heat. When strongly 
heated in contact with air, it oxidates, the oxide rises as a white 
vapour, which may be cbllected by condensing it on cold bodies, 
and then appears in white, needle-shaped crystals, termed argen- 
tine flowers of antimony. These are se.squioxide of antimony. 
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1165. Expose two or three hundred grains of metallic anti- 
mony to a bright-red heat, in a crucible placed in a furnace ; the 
blue flame with which it burns will be seen very distinctly, and 
a large quantity of white fumes are produced, formed by the 
combination of the antimony with the oxygen of the air. If the 
melted antimony be poured out of the crucible at this high tem- 
perature, from a height of 10 or 12 feet, and allowed to fall upon 
a stone-floor, it instantly divides into an infinite number of 
minute globules, all of which run from the part on which it falls, 
like radii from a common centre, still burning, anfl leaving a 
black mark as they roll along, lined on both sides with a white 
smoke, and producing a very large quantity of fumes. 

1166. Terdinoxide or Sesqj:ioxide, formerly called Oxide, 
or Protoxide of Antimony. Symb. 0 : Sb 2 , orJtSb 2 . Eq . by W. 
153.2 = 0.24 + 129.2 Sb. This compound may be prepared by 
several different processes. The Dublin College recommends 
it to be prepared by throwing a solution of the sesquichloride 
(or hydrochlorate) into a large quantity of water ; but in this 
case, it is a subhydrochlorate that is precipitated, the sesqui- 
oxide retaining a small portion of hydrochloric acid ; according 
to Mr Phillips, one equivalent of ac ; d is united with nine of the 
oxide. This precipitate was formerly termed powder of algaroth. 
It is sometimes termed an oxychloride , being regarded as com- 
posed of sesquioxide with a small quantity of sesquichloride. 

1167. To get the whole of the oxide precipitated (a little 
remaining in solution, when water alone is used) and free from 
hydrochloric acid, we must pour the hydrochlorate into a solu- 
tion of potassa, taking care to have a slight excess of alkali ; the 
sesquioxide is precipitated in the form of a white bulky .powder, 
which must be washed repeatedly witli v/ater, and then dried. 
In this case, the alkali unites with the acid, forming hydro- 
chlorate of potassa, which remains in solution. For many pur- 
poses, the subhydrochlorate, precipitated by water alone, does 
very well. 

1168. The small portion of hydrochloric acid in union with 
the precipitate formed from the hydrochlorate by water, may be 
removed by washing the precipitate, and boiling it in a solution 
of carbonate of potassa or of soda. On ‘washing with water and 
filtering, the pure sesquioxide is procured. 

1169. Sesquioxide of antimony is precipitated when an alkali 
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or alkaline carbonate is added to a solution of tartar emetic. 
The precipitate should be washed well with hot water. 

1170. It may also be procured by heating the sulphate of 
antimony (1182) with a weak solution of potassa, washing the 
remainder with hot water, and drying. The sulphate, thrown 
into water, yields a subsulphate, sometimes used as sesquioxide. 

1171. The matter condensed from the fumes formed during 
the combustion of antimony is sesquioxide (1164). 

1172. The sesquioxide of antimony occurs native, commonly 
called oxide^of antimony. 

1173. Sesquioxide of antimony is white when precipitated, 
but becomes yellow when heated. It is fused by a low red-heat, 
and is vaporized by a full red-hoat. The fused oxide becomes 
a grey crystalline solid 1 on cooling. By heat in contact with 
air, it passes into antimonious acid. It is the base of the salts 
of antimony. These are in general insoluble (except tartar 
emetic), or are readily decomposed by water, the sesquioxide 
having a feeble attraction for acids, so that the affinity between 
the water and the acid causes the separation of the sesqui- 
oxide. 

1174. Mix 1000 grains £>f the sesquisulphuret of antimony 
with an equal weight of nitre, put the mixture into a cone of 
paper, and touch it at the top with a red-hot iron wire, after 
placing it on an earthen dish or iron plate. A rapid deflagration 
immediately takes place, a large quantity of fumes are disen- 
gaged, and a dark brown substance remains, mixed with a 
quantity of saline matter,- the latter being composed principally 
of the potassa of the nitre. The nitric acid affords oxygen to the 
greateMpart of the sulphuret, the sulphur being acidified, while 
the antimony is converted into a sesquioxide. By reducing it to 
a fine powder, and washing it repeatedly with boiling water, all 
the saline matter is. dissolved, and the sesquioxide is obtained, 
still mixed, however, with a portion of the sesquisulphuret of 
antimony, which is not decomposed. In this state, it is em- 
ployed in the process of the Edinburgh College, for the prepara- 
tion of tartar emetic, and was formerly called crocm of antimony. 
This and the glass of antimony (1176) are sometimes termed 
oxymlphurez of antimony. 

1175. In the present process of the London College, the 
materials for forming the fcrocus are mixed with a little hydro- 
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chloric acid (about an ounce to the pound of materials), before 
they are ignited. 

1176. A Sesquioxide (or oxysulphuret) of antimony may also 
be obtained, by exposing the sesquisulphuret in powder to heat 
in the open air, the sulphur being converted into sulphurous 
acid, and escaping in the gaseous form. By exposing it to a 
stronger heat in a crucible, it is fused into a glass, commonly 
called glass of antimony, which has a reddish colour, from the 
presence of a little undecomposed sesquisulphuret, and is quite 
transparent. It combines, at the same time, with part of the 
earthy matter of the crucible in which it is fused, silica being 
always detected in it, though the quantity varies considerably. 
Glass of antimony was used in the former process of the London 
College, in the preparation of tartar emetic. 

1177. Antimonies acid (Deutoxide of Antimony). When 
th^sesquioxide of antimony is exposed to a red-heat in contact 
with air, it absorbs more oxygen and becomes antimonious acid. 
This compound may be formed also by continuing the roasting 
of the §esquisulphuret after the sulphur has been expelled (1176). 
When antimonic acid is exposed to a red-heat, part of the 
oxygen is expelled and antimonious ^cid remains. It is repre- 
sented as being composed of two cqs. of antimony and four of 
oxygen. It combines with alkalis by fusing them together, 
forming with potassa a soluble compound, from the solution of 
which it is precipitated as a hydrate by the strong acids. It 
reddens litmus 

1178. Antimonic Acid (or peroxide of antimony). Symb. 
Q 5 + Sb a , or ::Sb 2 . Eq. by W. 169.2 = 0.40 + 129.2 Sb. To 
prepare this compound, dissolve metallic antimony in aqu;>regia, 
dissipate any excess of acid by heat, and throw the solution into 
water. Antimonic acid is t precipitated. Or, add metallic anti- 
mony in fine powder, or the pure sesquioxide, to hot nitric acid, 
in a green glass-flask or evaporating basin, evaporating to dry- 
ness, and heating what remains to a temperature of 500° or 600°, 
to expel any water which it may still contain. The temperature 
must not bo increased beyond this, otherwise part of its oxygen 
will be disengaged ; 100 grains of metallic antimony and 1000 
of acid will be a sufficient quantity of materials to shew the 
nature of the process, and the appearance of the antimonic 
acid. It may be obtained also by deflagrating metallic anti- 
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mony in powder with five or six times its weight of nitre, 
washing the residue with water, and then with hydrochloric 
acid, and drying and heating it as before. It reddens litmus 
paper, and forms salts with the alkalis. 

1179. Pulvis Antimonialis, or Oxide of Antimony with 
Phosphate of Lime, which was introduced as a substitute for 
James's powder, is prepared from a mixture of equal weights of 
hartshorn shavings and sesquisulpliuret of antimony. The 
method recommended us, to expose the mixture to heat in a 
shallow iron or earthen vessel till it assumes an ash-grey colour, 
when it may be considered as composed of sesquioxide of anti- 
mony and phosphate of lime, the latter being derived from the 
hartshorn shavings, while all the animal matter is burnt away. 
It is then to be reduced to powder, and put into a crucible, 
which may be coated with clay, and wrapped round with iron 
wire, luting on a cover, but leaving a small opening at the side ; 
the crucible is then put into a furnace, and exposed to a red-heat 
for two hours, after which it may be removed. 

This is the process which is recommended by the Edinburgh 
and Dublin Colleges ; the London directs two parts of harts- 
horn shavings to be used along with one of the sesquisulpliuret 
of antimony. 

1180. According to the analyses of Pearson, JBrande, and 
Phillips, it consists of antimonious acid and phosphate of lime, 
the proportion of thgse ingredients varying in different speci- 
mens. Dr Douglas Maclagan has recently made a more mi- 
nute and elaborate examination of this important compound, 
and proved the presence of the sesquioxide of antimony. This 
explains the circumstance that it sometimes proves an active 
medicine, while in other cases it has been found to be perfectly 
inert, the antimonious acid having little or no action on the ani- 
mal economy. 


Salts of Antimony ; Sulphuret and Chloride of 
Antimony. 

1181. None of the salts of antimony are so important as the 
sulphate, the hydrochlorate (sesquichloride), and the tartrate of 
antimony and potassa, or* tartar emetic. 
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1182. A compound of sulphuric acid and sesquioxide of an- 
timony is easily prepared, by boiling metallic antimony, reduced 
to a very fine powder, with thrice its weight of sulphuric acid in 
an iron vessel, heating the mixture over an open fire, and stirring 
it frequently with an iron rod till it becomes quite dry. In this 
process, the metallic antimony attracts oxygen from part of the 
sulphuric acid, and sulphurous acid gas is disengaged, the ses- 
quioxide of antimony that is formed combining with part of the 
sulphuric acid that is not decomposed ; the excess of acid is ex- 
pelled by the heat. 

Mr Phillips has proposed to prepare tartar emetic with the 
sesquioxide, or rather the subsulphate, which is obtained on 
throwing the sulphate into a large quantity of water. 

1183. Sesquisulphuret of Antimony occurs native, and is 
the ore of antimony from which the metal is usually procured. 
It nas called stibium formerly, and is still often spoken of as an - 
timony , or crude antimony ; the metal being termed regulus of an- 
timony. It is separated from the stony matter with which it is 
mixed by exposing the ore to heat in a crucible with an aper- 
ture in the bottom, another crucible being placed below it, to re- 
ceive the sesquisulphurct as it hows out. It is better always to 
purchase it in the form in which it is taken .out of the crucible, 
the pounded sesquisulphurct being frequently adulterated with 
a quantity of earthy matter ; I have mot with it containing at 
least a third part of its weight of earthy substances, the greater 
part of which was silica. 

1184. By transmitting a stream of hydrosulphuric acid gas 
through a solution of tartar emetic, or of any other solutions, of 
antimony, a copious precipitate of a bright orange cchbur is 
thrown down, which is composed of sesquisulphurct of anti- 
mony and water, the hydrogen of the hydrosulphuric acid com- 
bining with the oxygen of the sesquioxide, and the sulphur with 
the metallic antimony. The water may he expelled by heat, 
when the sesquisulphuret assumes a dark colour. By fusing sul- 
phur and antimony together, a sesquisulphurct is formed. 

1185. To prepare the precipitated sulphuret of the EdinburghT 
and London Colleges, the common sesquisulphuret is boiled with 
a solution of caustic potassa for an hour or two, in an iron vessel, 
over a common fire, adding water from time to time, that there 
may be. the same measure of liquid or\ removing it from the fire as 
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at first. It is filtered immediately through a double linen cloth, 
and sulphuric acid, previously diluted with six or seven parts of 
water, is dropped into the filtered liquid (while still warm) as 
long as any precipitation takes place. 

1186. In this process, a portion of water and part, at least of 
the sesquisulplniret are decomposed, the hydrogen combining 
with the sulphur, and the oxygen with the metallic antimony, 
forming hydrosulphuric acid ayid sesquioxide of antimony, 
both of which are dissolved, so that the solution may be regard- 
ed as a compound of hydrosulphuric acid, sesquioxide of anti- 
mony, and undecomposed sesquisulplniret with potassa. Or 
adding the diluted acid, sulphate of potassa is formed, which re. 
mains in solution, and the sesquioxide of antimony is precipi- 
tated along with sesquisulplniret of antimony. Such is the ge- 
neral nature of the reaction which is supposed to take place ; 
but th# determination of the precise constitution of this precipi- 
tate is involved in considerable difficulties, and it has been vari- 
ously estimated by different experimenters. 

1187. The proportions recommended by the Edinburgh Col- 
lege are four parts by weight of tlieir solution of potassa, three 
of water, and two of the sesquisulplniret of antimony. To pre- 
pare a small quantity of the solution of sesquisulphurct of anti- 
mony in a solution of potassa, espial weights of sesquisulplniret of 
antimony and fused potassa may be taken and boiled with eight 
times their weight of water in an iron goblet; an excess of the 
sesquisulphurct does no harm, as it is not dissolved, and affords 
a larger surface for the action of the potassa and the water. 

J188. If the solution be allowed to cool without the addition 
of any Hcid, a considerable quantity of a precipitate of a reddish- 
yellow or reddish-orUnge colour is gradually deposited, the so- 
lution of potassa not being able to dissolve so much when it is 
cold ; it is called Kermes mineral . — See Brewster’s Journal, New 
Series, vol. iii. p. 356. It has been regarded as a hydrated 
sesquisulphuret by Berzelius, but generally contains a little ses- 
quioxide and potassa. 

# 1189. If the liquid be then filtered, and diluted sulphuric 
acid be added, an additional precipitate is thrown down, more 
of a golden-yellow colour than any of the other precipitates. It 
is usually termed the Golden Sulphuret of Antimony . This is 
said to contain no potassa, and more spsquioxide of antimony. 
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1190. Tartrate of Antimony and Potassa, or Tartar 

Emetic, is prepared by boiling together equal weights of cream 
of tartar and sesquioxide of antimony in four times their weight 
of water, filtering the solution afterwards, and evaporating the 
clear liquid till a pellicle appears on its surface. It crystallizes 
in octohcdrons with a rhombic base. Both the cream of tartar 
and the sesquioxide of antimony are tef be reduced to a fine 
powder before they are mixed, and the water should be made 
to boil before they are put in *; the materials must be boiled for 
at* least half an hour. # 

1191. The sesquioxide obtained by precipitation from the hy- 
drochlorate is perhaps preferable to that prepared in any of the 
other methods, as it requires lfttle or no trouble to reduce it to 
a minute state of division ; the glass of '^antimony is not so easily 
reduced to an impalpable powder. I have frequently tried the 
sesquioxide prepared from the sulphate according to Mr Phillips 
process ; it does very well, if proper attention be paid* to the 
pounding of the metallic antimony before digesting it in the 
acid, and to the separation of the subsulphate from any metallic 
antimony that may not have been oxidated. 

1192. Though equal weights of the sesquioxide and cream of 

tartar are recommended to be used, the whole of the sesquioxide 
is not dissolved. One equivalent of cream of tartar, 198.16, 
which contains 1 8 parts, or two equivalents, of water, combines 
with two equivalents of the sesquioxide of antimony to form 
tartar emetic, and the crystals contain three equivalents of 
water ; the chemical equivalent 'of the Crystallized tartrate must 
accordingly be 360.36. ^ Phillips.) 


Tartaric Acid (66.48 X 2) 


, 0 

132.96 

Potassa .... 


47.2 

Sesquioxide of Antimony 


If»3.2 

Water (9 X 3) . 

. 3 

• • • i 7 :._ 



360.36 


1193. When its solution in water is kept for some time, it is 
decomposed ; Dr J.' Davy has found, that, when it is exposed 
for some weeks to the rays of the sun, it is rendered turbid, and 
a portion of antimonie acid is precipitated. 

1194. Tartar emetic is soluble in a little less than three times 
its weight of boiling water, and in fifteen parts of cold water. 
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Acids, alkalis, alkaline earths, and a great many vegetable in- 
fusions and decoctions, decompose it. It is slightly efflorescent. 

1195. Add some nitric, sulphuric, or hydrochloric acid, to a 
strong solution of tartar emetic ; a copious precipitate is thrown 
down, consisting of cream of tartar and insoluble sesquioxide 
or sesquicliloride of antimony. 

, 1196. To a similar ^solution, add a small quantity of a solu- 

tion of potassa, soda, or ammonia. The alkali combines with 
the tartaric acid, and sesquioxide of antimony is precipitated, 
which may be redissolved by an excess of potassa. A strong 
fresh infusion of galls gives a whitish-yellow precipitate with 
tartar emetic. 

1197. A precipitate is also thrown down by lime water, and 
by a solution of baryta it consists of sesquioxide of antimony 
and tartrate of lime or baryta. 

1198. When a solution of the hydrosulphate of ammonia, or 
of any other soluble hydrosulphate, is added to a solution of 
tartar emetic, or of any other salt of antimony, a copious pre- 
cipitate is thrown down, similar to wdiat is obtained on adding- 
sulphuric acid to the? solution of the hydrosulphate of antimony 
and potassa, the same reaction taking place between the hydro- 
sulphuric acid and the sesquioxide of antimony that has been 
already described (1186). 

1199. When too large a dose of this salt has been given, the 
best antidotes are a solution of hydrosulphur ic acid, solutions of 
the hydrosulphates, and infusions of cinchona bark, galls, or tea. 
In a case treated by Dr Duncan; where a dose sufficient to have 
caused death had been taken, he gave a solution of the hepar 
sulpliurts with complete success. 

1200. The most delicate test of tartar emetic in solution is 
hydrosulphurie acid, which produces <a characteristic reddish- 
orange precipitate, even in solutions containing a very minute 
quantity of this salt. The student should now transmit a stream 
of hydrosulphurie acid gas through solutions of tartar emetic of 
different strengths, and mixed with a number of other liquids, 
as milk, tea, porter, &c., till he becomes familiar with the ap- 
pearance it presents. 

1201. In applying this test for the detection of antimony in 
mixed solutions, where it may be suspected to have been ad- 
ministered as a poison, Dr Turner recommends the liquid to 
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be boiled for a few minutes with a drachm or two of hydrochloric 
and tartaric acids before filtration ; the tartaric acid retains the 
antimony in solution, and dissolves any of the sesquioxide that 
may have been precipitated by an infusion of tea, bark, or galls, 
while the hydrochloric acid promotes the coagulation of any 
caseous matter that may be present. The hydrosulphuric acid 
gas is then to be transmitted through the liquid. The sulphuret 
is then to be dried, and put into a small glass tube, about three 
inches long and a quarter of* an inch in diameter, transmitting 
a stream of hydrogen gas slowly over it by connecting one end 
of the tube by a cork with an apparatus from which this gas is 
disengaged, and adapting to the open end a bent tube, the other 
extremity of which is made to dip under water. The tube must 
be heated by a spirit-lamp at the part where the sulphuret is 
placed, and great care must be taken not to apply the heat till 
tie air of the apparatus lias been completely expelled, to pre- 
vent an explosion taking place. Towards the end of the pro- 
cess, the temperature ought to be increased to bright redness, 
by directing the flame of the lamp with the blowpipe upon the 
part of the tube immediately below the sulphuret. 

1202. By this process the sulphuret is completely decomposed, 
the hydrogen combining with the sulphur and forming hydro- 
sulphuric acid, while the metallic antimony is melted, and 
forms a film upon the internal surface of the glass, or collects in 
minute globules. A light green glass tube should always be pre- 
ferred, containing no lead, and being less easily softened. 

1203. Should the film of metal be* indistinct, it should be re- 
dissolved by the aid of heat in a little aqua-regia, precipitated 
by water, the precipitate be again dissolved by tarta?ic*acid, 
and the liquid again tested by passing hydrosulphuric acid gas 
through it. 

1204. Throw some tartar emetic upon some red hot cinders ; 
the tartaric acid will be completely decomposed, the carbon 
combining with part of the oxygen of the oxide, while metallic 
antimony is set at liberty^ and appears in the form of minute 
globules. When exposed to a red-heat excluded from access of 
air, a substance possessed of pyrophoric properties regains. 

1205. By exposing a very siftall quantity to heat on charcoal 
before the flame of the blowpipe, the metallic antimony is seen 
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more distinctly, and white filings of the oxide of antimony are 
at the same time produced. 

1206. The antimony liberated on decomposing tartar emetic 
is always combined with potassium, produced by the charcoal of 
tilt? tartaric acid decomposing the potassa and sesquioxidc of 
antimony at the same time. 

1207. Tartar emetic is frequently, contaminated with cream 
of tartar. The cream of tartar may be detected by adding a 

% little carbonate of soda to a hot solution. If the precipitate be 
redissolved, cream of tartar is present. It should be procured 
in the form of crystals, not in powder. 

1208. To prepare the Sustain chloride of Antimony ac- 

cording to the process of the Tbiblin College, 20 parts of the 
sesquisulpliurct of, antimony (in fine powder) are to be digested 
in a glass vessel with 100 parts of hydrochloric acid, with a heat 
gradually increased till all effervescence ceases, and then to he 
boiled for an hour. The solution always contains an excess of 
acid, and should he filtered when cold through a double linen 
cloth, or allowed to remain at rest till all the particles of sesqui- 
sulpliurct of antimony that have not been acted upon shall have 
been deposited. » 

1209. In preparing this compound, much hydrosulphuric acid 
is evolved, the production of which arises from the combination 
of the sulphur of the scsquisulpliuret with the hydrogen of the 
hydrochloric acid. But if the compound ^consist of hydrochloric 
acid and sesquioxide of antimony, water must necessarily he 
decomposed as it is formed, the lixvgen uniting wfith the anti- 
mony, and the hydrogen combining with the sulphur to form 
the hyditosulphuric acid. 

1210. One part of nitric acid is recommended to be added, 
when the action of the hydrochloric acid shall have ceased, in 
order that it may decompose any hydrosulphuric acid that may 
not be expelled, and prevent it from*reacting on the oxide pro- 
cured on pouring the sesquichloride into water. 

1211. The sesquichloride may be procured free from water 
(which is always associated with it when it is prepared by hydro- 
chloric acgl), by pouring metallic antimony in fine powder into 
a battle of chlorine gas. The best method of proceeding is to 
take a glass-funnel and put a little paper round the tube, if it 
should not fit closely to the neck of the bottle containing, the 



TIM. 


343 


chlorine ; the antimony should # then be thrown in, taking very 
small quantities at a time, and keeping the funnel sufficiently 
high to allow the metal to fall through as much of the chlorine 
as possible ; the antimony takes fire whenever it comes into 
contact with the chlorine. 

1212. A more convenient method of preparing the sesqui- 
chloride of antimony consists in mixing this metal with three 
times its weight of the bichloride of mercury, and heating the 
mixture in a glass-retort by, a chauffer. A receiver must be 
fitted to the retort to condense the sesqificliloride that is distilled 
over. The metallic antimony combines with all the chlorine, 
and the mercury is disengaged. 

It is usually called butter Of antimony , from its soft consistence ; 
it melts when exposed to a genfle heat, and assumes a crystalline 
texture by cooling. It is decomposed by a darge quantity of 
water in the same manner as its solution (1166). 

* 1213. The Bichloride of Antimony has been formed by 
the action of hydrochloric and hydrated antimonic acids. Another 
chloride with still more chlorine has also been formed by Rose, 
bv heating metallic antimony and passing dry chlorine over it. 


CHAP. VJ.— TIN. (STANNUM.) 

Symb. Sn. Eq. by W. m 58.51. Sp. gr. 7-29. It melts at 442°, 
and may be volatilized by a eery intense heat . 

1214. The ore from which this metal is procured is a com- 
pound of binoxide of tin and oxide of iron, commonly callgfl tin- 
stone. The ore is found in veins, from which form of it, block- 
tin is extracted. It is also found in loose grains, scattered 
through the soil, termed* stream-tin , and yielding a purer metal, 
called grain-tin . To extract the* metal from the <ore dug from 
the veins, it is ground, washed, by which a quantity of earthy 
impurities are separated, roasted in a reverberatory furnace, by 
which sulphur and arsenic are expelled, and then mixed with 
coal (or culm) and limestone, and again heated in a reverbera- 
tory furnace for a considerable time. The metallic? tin is se- 
parated, and subsides through the fused mass. It is afain 
melted, and kept fused for some time, hy which a quantity of 
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impurities separate and rise to the surface, being then removed. 
The finer ore, stream-tin, is smelted with charcoal, in a sort of 
blast furnace. The grain-tin thus procured is said to be very 
pure, not containing l-500tli part of impurities, chiefly copper, 
arsenic, and iron. 

1215. Mix 1200 grains of the oxide of tin with 100 grains of 
charcoal, 200 of carbonate of potassa, and 160 of dry carbonate 
of soda (free from water of crystallization), and expose the mix- 
ture to a good heat in a crucible placed in a furnace for twenty 
minutes. The carbon unites with the oxygen of the oxide, and 
metallic tin will be found in the crucible. 

1216. When tin is required in a. minute state of division, it 
is obtained easily in this condition by melting it and shaking 
it quickly in a wooden box, rulTbed over with chalk in the in- 
side. It mav be procured also, but not so easily, by melting it 
in a ladle, and stirring it constantly with an iron pestle as it 
cools. An iron mortar does better than a ladle, and is more 
easily kept in a fixed position. The fine powder obtained by 
any of these methods should be* separated from the larger par- 
ticles bypassing it through a sieve : these may be melted again, 
and reduced to powder as before. Tin may be granulated, like 
zinc, by pouring it when incited from a height into water. 

1217. Tin has. a fine white colour, like' silver, and a very bril- 
liant metallic lustre. It is comparatively a soft metal, possess- 
ing considerable malleability and even flexibility, and emits a 
peculiar crackling noise when bent. Tin-foil is about l-l()()0lh 
part of an iuch in thickness. Tin is ductile, but possesses little 
tenacity, so that a fine wire breaks with a very small weight. 

1^18. Tin is tarnished, but in a very slight degree, by ex- 
posure to air ; and can scarcely be said to be oxidated by expo- 
sure to air or water at ordinary temperatures. At a red-beat, 
it decomposes water passed over it in Vapour, with evolution of 
hydrogen. At its fusing point, it oxidates slowly in air, and at 
a white-heat it burns, oxidating rapidly. 

1219. Oxide (or Protoxide) of Tin. tiymb. OSn. or *Sn. 
Eg. by W. 66.9 = 0.8 -f* 58.9 Sn.^ This compound may be pre- 
pared by adding a solution of carbonate of soda to a newly pre- 
pared solution of chloride of tin. It is precipitated as a white 
hvllhite, and may be procured anhydrous by washing with water, 
and heating it to near a red-heat out of access of air, being 
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placed in a retort filled with carbonic acid or hydrogen gas. It 
may also be procured by melting tin in an iron ladle, and ex- 
posing it freely to the air, taking care not to raise its tempera- 
ture too high. A crust gathers on the surfacfe of the tin, con- 
sisting of the oxide. The anhydrous oxide is of a grey or dark 
colour. It is sometimes termed black oxide of tin . 

1220. Oxide of tin absorbs more oxygen, taking fire, and be- 
comes binoxide, when raised to a red-heat (or even touched by 
a red-hot iron) in contact with air. It dissolves readily in the 
acids and fixed alkalis, but not in ammonia nor alkaline car- 
bonates. In an alkaline solution, it is ultimately resolved into 
metallic tin which subsides^ and binoxide which remains in so- 
lution. It has a great attraction for oxygen, and absorbs it 
from solutions of some metallic oxides, reducing them to a lower 
state of oxidation (as copper or iron), or to the metallic state 
(as mercury, silver, platinum). 

1221. Sesquioxide of Tin. Symb. O s Sn 2 or iSn*. Eq . by 
W. 141.8 = 0.24 + 117.8 Sn. This compound is procured by 
the action of h ydrated peroxide of iron on chloride of tin in so- 
lution. The sesquioxide subsides. It is soluble in ammonia, 
and gives a purple precipitate witli gold. 

1222. Binoxide of Tin (called also Peroxide of Tin). Syrnb. 

() 2 Sn or :Sn. Eq. by W. 74.9 = 0.16 + 58.<T Sn. This com- 
pound occurs native, generally associated with oxide of iron. 
It may be prepared by exposing metallic tin to a full white-heat, 
putting it in a crucible placed in a furnace, and resting about 
an inch and a half above the branders. The tin takes fire, 
burns with a white flame, and becomes binoxide of tin, termed 
flowers of tin when formed in this manner. “* ^ 

1223. Put half an ounce of nitric acid into a deep glass, add 
about a drachm of water to it, and pour in two or three hundred 
grains of the powder of tin ; a vioJjcnt effervescence^ takes place, 
and the metal probably attracts oxygen both from the acid and 
the water. Hydrogen and nitrogen gases, meeting in a nascent 
state, unite and form a portion of ammonia, which combines 
with a portion of nitric acid vltiich is not decomposed, forming 
nitrate of ammonia. As white fumes are mixed with the large 
quantity of ruddy vapours of nitrous acid that are at the snfee 
time disengaged, it has been considered that they are produced 
by a portion of the nitrate of ammonia formed in this manner. 
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Considerable heat is evolved, and the tin is left in the form of 
a bulky white powder , — hydrated binoxide of tin . On washing 
this powder with water, and exposing it to a red heat, the water 
is expelled, and file anhydrous binoxide of tin remains, of a pah 1 
yellow colour. 

1224. Binoxide of tin may also be procured by heating toge- 
ther tin-filings and binoxide (red oxide) of mercury. 

1225. Anhydrous binoxide of tin, procured in any of the 
above modes, is insoluble in the acids, combining, however, with 
hydrochloric acid, and forming a compound which is soluble* in 
water. It may be made to combine with glass, an enamel being- 
then formed. 

1226. Binoxide of tin is precipitated as a bulky hydrate when 
an alkali or alkaline carbonate is added to a solution of bichloride 
of tin. In this state it is readily dissolved by diluted nitric, 
sulphuric, or hydrochloric acids. It is soluble in ammonia, and 
the other alkalis. It reddens litmus, and, combining with 
alkalis, is sometimes termed stannic acid. A precipitate of vel- 
low r bisulpliuret of tin is formed, when its solution is decomposed 
by hydrosulphurie acid, or hydrosulphate of ammonia. The 
precipitate is soluble in pofcassa, or in an excess of the hydro- 
sulpliate of ammonia. 

1227. Take a comnion tin-plate (which is in reality a plate* 
of iron coated with tin) about a foot square, hold it over a 
chauffer, or before the fire, with a pair of pincers, till a drop of 
water allowed to fall upon its surface begins to boil immediately, 
and then wash one of it* sides with a mixture of four parts by 
measure of water, one of nitric, and one of hydrochloric acid. 
Its surface will immediately assume a beautiful crystalline ap- 
pearance, and by heating the plate at particular parts with the 
blowpipe, or exposing different parts # to higher and lower tem- 
peratures, q. great variety of figures may be produced, which 
w ill be seen better on washing it with water. The moiree me- 
tallique , or crystallized tin-plate as it is sometimes termed, of 
which a great number of hardware articles arc now made, is 
prepared in this manner, and fhe various colours which it is 
made to assume are communicated by giving it a thin coating 
of different coloured varnishes. The tin-plates used for this 
purpose should have a good coating of metallic tin, otherwise 
most of the tin will be removed during the preparation of the 
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moiroo, anil nothing will remain but the iron below, which has 
a very dark colour. 

1228. Salts of the oxide of tin may be recognised by the fol- 
lowing characters : 

1. They are white, and their solutions are colourless. 

2. A solution of gold gives a brown, purple (purple of 

Cassius), blue, green, or metallic precipitate, according to the 
proportions in which they are mixed, and the degree of concen- 
tration. (Buisson.) " * # 

3. Plates of lead and zinc often precipitate metallic tin. 

4. A solution of the bichloride of mercury gives a dark- 
coloured precipitate. 

5. Alkaline hydrosulphates gave a dark brown-fcoloured pre- 
cipitate. 4 

6. Ferrocyanate of potassa gives a white precipitate. 

Z. They abstract oxygen from persalts, as those of copper, 
iron, mercury. 1 

8. Ammonia gives a white precipitate, not soluble in excess 
of the alkali. 

1229. With salts of the binoxide alkaline hydrosulphates give 

a yellow precipitate, and chloride of gold does not precipitate 
purple of Cassius. . , ^ 

1230. Tin combines with sulphur in various proportions. The 
Bisulphuret of Tin was formerly known by the name of aurwm 
mosaicnm or musivvm , or mosaic paid. This is procured by mixing 
two parts of sulphur, two of binoxide of tin, and one of sal- 
ammoniac, and heating them in a retort. It may also be pro- 
cured by amalgamating 12 parts of tin with 6 of mercury, 
mixing the powdered amalgam with 7 parts of flowers of strfphur 
and 6 of sal-ammoniac, and heating the mass in a crucible or 
flask. It is procured by breaking the flask. It is in fine scales, 
of a golden yellow colour. It is *ised in the arts Jo furnish a 
kind of Ironze , in the state of a powder termed bronze powder. 

1231. The SuLPHURET(SSn) is precipitated, of a dart colour, 
from solutions of the oxide or chloride of tin by hydrpsulphuric 
acid or the hydrosulphate of ammonia. The bisulphuret 
(S*Sn) is thrown down of a yellow colour, by the same reagents, 
from solutions containing binoxide or bichloride of tin. 

1232. Chloride of Tin (protochloride or protoniuriatc of 
tin). &ymb, CISn \ Aty. by W. 94.4 = Cl 35.5 + 58.9 Sn. This 
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compound is procured by evaporating its solution to dryness, 
and fusing in a close vessel. It may also be formed by mixing 
together equal weights of granulated tin and the bichloride of 
mercury, and distilling till the mercury is expelled ; or by trans- 
mitting hydrochloric aciij gas over tin heated strongly in a glass- 
tube. It is a grey- col op red solid, fused below a red-heat, and 
volatilized by a higher temperature. 

1233. Chloride of tin in solution (hydrochlorate or muriate 
of tin) may be obtained by heating tin in twice its weight of 
hydrochloric acid. Hydrogen gas is disengaged, having an 
extremely fetid and disagreeable odour, partly owing to the 
presence of a little hydrochloric acid gas, partly to impurities in 
the tin, which are dissolved by s the hydrogen. It is considered 
by some that a .portion- of the tin combines with the hydrogen. 
The chloride may be procured in crystals containing three 
equivalents of water, by evaporating a strong solution. Th' a se 
crystals are decomposed by Beat or adding a large quantity of 
water ; oxide and chloride of tin being chiefly formed. 

1234. The above proportions of tin and hydrochloric acid 
give the protomuriate of tin, so much employed by dyers and 
calico printers. It is a powerful deoxidating agent, and with 
this view is much used in calico-printing, as well as to furnish 
oxide of tin to*act as a mordant to fix some colours. The 
chloride has a tendency to pass into bichloride, the metallic tin 
eliminated withdrawing oxygen from the oxide which it meets 
in solution. 

1235. Bichloride of Tin (called also perchloride, permuriate). 
Symb. Cl 2 Sn. Eq . by W. 129.9 = Cl 71 + 58.9 Sn. This com- 
pound: may be obtained by distilling a mixture of granulated 
tin with three times* its weight of bichloride of mercury — or 1 
of mercury, 6 of tin, and 33 of the bi/diloride may be employed. 
The materjpls are to be exposed to a moderate heat in a glass- 
retort. A volatile colourless liquid condenses in the receiver, 
which attracts moisture from the air, and gives out fumes : it 
was formerly termed the Fuming Liquor of Libamus. This 
boils at 248°. With one-third* part of water, it forms a solid 
hydrate ; dissolving in more water. It absorbs moisture from 
the air, and forms crystals. 

1236. Bichloride of tin is also formed when the chloride is 
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exposed to heat in chlorine gas, or by heating the chloride very 
gently with the addition of a little nitric acid. 

1237. This compound in solution, commonly termed permu - 
riate of tin, may be procured by adding one part of tin, in small 
quantities at a time, to four of hydrochloric acid mixed with two 
of nitric acid. One part (or two) of w^ter may be added to the 
mixed acids. A considerable quantity of gas is disengaged, 
and heat evolved during the solution of the tin. A solution of the 
chloride, exposed freely to the 'air, passes*, to bichloride ; or, the 
chloride may be combined with another equivalent of chlorine, 
by passing chlorine through it. The bichloride (permuriate) 
is much employed in dyeing and calico-printing, and is some- 
times prepared for use in these aj*ts by the action of granulated 
tin on dilute nitric acid and about an eighth of sal-ammoniac, or 
common salt, which furnishes the chlorine. 


CHAP. VII. — -'BISMUTH. 

St! mb. Bi. Eq. by W. 71.5. Sp. gr. f).8. It melts at 497°, and is 
volatilized by a red-heat. ^ 

1238. Bismuth exists native, and also in union with oxygen, 
and with sulphur and arsenic. The bismuth of commerce is 
obtained from native bismutli-ore, melted for the purpose of 
separating the metal from the stony' matter with which it is 
mixed. The bismuth thus procured contains a little sulphur, 
iron, and copper. It may be obtained pure by dissolving^ the 
common bismuth in nitric acid, pouring the solution into water, 
by which subnitrate of bismuth is precipitated, washing and 
drying the subnitrate, and heating® it in a crucible with a little 
charcoal or black flux. 

1239. Melt some bismuth in a crucible ; when the surface 
becomes solid, and while the greater part of the metal is still 
melted within, make a small hole in the middle, and invert the 
crucible tilball the liquid metal has been poured out. On break- 
ing into the hollow mass that is left, its internal surface will be 
found studded with crystals of metallic bismuth. Another method 
of proceeding is, to melt the bismuth in an iron ladle, cooling 
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the bottom by immersing it in cold water, before breaking the 
crust above, and taking care not to allow any water to fall upon 
the melted metal, lest some of it should be thrown about with 
explosive violence. 

1240. Bismuth has a white colour with a tinge of red, and a 
high metallic lustre. It^is of a crystalline texture, forming in 
parallelopipeds when prepared as described above. Its crystal- 
line form is that of an octohedron. It is rather brittle when 
cold, and may be then . reduced fo powder in a mortar, but is 
somewhat malleable when heated. It is scarcely oxidated by 
exposure to air, but loses its lustre. It is acted on very slowly 
by the sulphuric or hydrochloric d-cids. Nitric acid quickly 
dissolves it, nitrate of oxide of bismuth being formed. 

1241. Oxide pF Bismuth. Symb . OBi, or *Bi. Eq. by W 
79.5 = 0.8 -I- 71.5 Bi. This is best prepared by exposing the 
nitrate or subnitrate of bismuth to a red-lieat. It is of a strew- 
yellow r or yellowish- white ccflbur. It is volatilized by a very 
high temperature. When fused, which takes place when it is 
heated to redness, it becomes an opaque brownish-yellow liquid, 
returning to a yellowish-glass when cool. It is the base of the 
salts of bismuth. 

1242. Melt some bismuth in a crucible, and expose it freely 

to the air. A <?ftist soon collects upon its surface, composed 
principally of oxide of bismuth. When bismuth is strongly 
heated in a furnace, it is volatilized and oxidated, burning with 
a bluish-white flame ; and yellow oxide of bismuth in powder is 
formed. r 

1243. There is a Sesquioxide of Bismuth, prepared by fusing 
the hydrate of potassa and the oxide of bismuth. 

1244. Chloride of Bismuth may be formed by throwing the 
metal in fine powder into chlorine gas, the bismuth taking fire, 
and combining with the chlorine ; or by distilling a mixture of 
one part of bismuth and two of bichloride of mercury. It was 
formerly called butter of bismuth. 

1245. Nitrate of Bismuth. This salt is prepared by dis- 
solving metallic bismuth in nitric acid diluted with half its 
weight of water, until the acid will dissolve no more. The 
metal is quickly acted upon, and binoxide of nitrogen evolved. 
The nitrate may be procured in rhomboidal prisms, containing 
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three eqs. of water. It is decomposed by a red-heat (1241.) and 
by a large quantity of water (1247). 

1246. The salts of bismuth are decomposed, when in solu- 
tion, bv a large quantity of water. Hydrosulphuric acid and 
solutions of the hydrosulphates give a dark-brown coloured 
precipitate. The ferrocyanatc of potassa gives a white preci- 
pitate with a tinge of yellow. The oxide precipitated from its 
salts by water, or by solutions of the alkalis, is very easily de- 
composed by the blowpipe, wh'en dried and headed on charcoal, 
a globule of metallic bismuth being obtained. It is distinguished 
easily by being very brittle, by its colour, and by decomposing 
nitric acid with effervescerft;e. Fixed alkalis and their carba 
nates give a white precipitate, #not dissolved by adding an ex- 
cess of the precipitant. Galls give an orange-yellow precipitate 

1247. The Subnithate of Bismuth, commonly called Ma- 
ffWtry of Bismuth , Oxide of Bismuth , is prepared by throwing a 
solution of the nitrate into a lar£fe quantity of water. It is im- 
mediately resolved into two salts, the subnitrate which is preci- 
pitated, and the supernitrate wfiich remains in solution. Ac- 
cording to Mr Phillips, the precipitate consists of one equivalent 
of nitric acid and three of the oxide. 

1248. The nitrate employed for this preparation contains an 

excess of acid, according to the formula* generally given for its 
preparation. It is procured by heating gently two parts of bis- 
muth in fragments with five or six of nitric acid, diluted pre- 
viously with half its bulk of water. Strong nitric acid acts with 
great violence on bismuth. • 

1249. Pour a little of the liquid that remains, after the preci- 
pitation of the subnitrate, into a glass, and transmit a'^freain 
of hydrosulphuric acid through it; the dark coloured precipitate 
of sulphuret of bismuth .that immediately appears proves that 
there is still some bismuth in solution. If the nitrate do not 
contain an excess of acid, almost the whole of the oxide of bis- 
muth is precipitated when the salt is thrown into a large quan- 
tity of water. 

1250. To a solution of the nitrate of bismuth, add a solution 
of the tartrate of potassa, as long as any precipitation takes 
place ; nitrate of potassa remains in solution, and Tartrate 
of Bismuth is precipitated, formerly known by the name of 
Pearl-White, and much employed as a cosmetic. 
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CHAP. VIII.— MANGANESE. 

JSymb. Mil. Eq. by W. 27-7. tfp- gr- 8. Fused only by the highest 
heat of a smith's forge . 

1251. Metallic manganese does not occur native. It has 
been procured i ft small grains by* mixing the oxide with char- 
coal, making it into a ball with oil, and exposing it to the 
greatest heat of a smith’s forge. The sides of the crucible must 
be lined previously with a stiff paste' made of charcoal and oil. 
otherwise a portion of the oxid.° will combine with the earthy 
matter, and fuse pito a glass, after part of the oxygen has been 
expelled. The crucible lias another luted over it. The carbo- 
nate of manganese may be employed. When the oxide is mix^d 
with flour and oil, and the crucible heated in the blast furnace, 
larger portions of manganese are easily reduced. 

1252. Manganese is a brittle metal, with a colour like that 
of cast-iron. It may easily be pulverised in a mortar. At or- 
dinary temperatures it gradually absorbs oxygen from air or in 
water, hydrogen being evolved in the latter cast*. At a red- 
heat it is (juickly oxnlated in air or water. 

1253. Oxide or Protoxide *ok Manganese (Symb. OMn, 
or *Mn. Eq . by W. 35.7 = 0.8 -f 27.7 Mn) maybe obtained by 
passing a stream of hydrogen gas over any of the other oxides 
of manganese at a bright red-lieat, placing them in a gun-barrel 
or porcelain tube made to traverse a furnace in the usual man- 
ner. \jue end of the tube must be connected with an apparatus 
from which a constant stream of hydrogen gas is disengaged, 
and the other with a tube dipping under water to carry off 
the superabundant hydrogen The excess of oxygen in the 
oxide unites with part of the hydrogen, and is converted into 
water, the oxide remaining in the tube in the form of a green 
powder. This oxide has been prepared also by heating to white- 
ness some of the other oxides with charcoal in a crucible. It 
may also be prepared by fusing together in a platinum crucible 
chloride of manganese mixed with two parts of carbonate of 
soda. Chloride of sodium is also formed, which may be removed 
by water. 
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1254. This is the basis of the principal salts of manganese. 
When heated to redness, it absorbs oxygen, and becomes the 
red oxide. It dissolves in sulphuric, nitric, and hydrochloric 
acids ; and is precipitated from the solution by potassa as a 
white hydrate. Exposed then to the air, it becomes red oxide. 

1255. Terdinoxide (Sesquioxide, or Deutoxide) of Man- 

ganese (Si/mb. 0 3 Mn 2 , or :Mn 2 . Eq. by W ’. 79.4 = 0.24 4- 55.4 
Mn). This compound may be obtained by exposing the bin- 
oxide to heat in an iron bottle,; oxygen gas is ^isengaged, and 
tho terdinoxide remains of a dark brown colour. See page 11. 
It is regarded as a compound of one equivalent of the oxide and 
one of the binoxide of manganese. It occurs native, — pure, and 
as a hydrate. * 

1256. The Red Oxide of Manganese (Syrnb. 0 4 Mn 3 . Eq. 

by W. 115.1 = 0.32 + 83.1 Mn) may be obtained by exposing 
the terdinoxide to a white heat, when an additional quantity of 
oxygen is disengaged. It may be considered as a compound of 
one equivalent of the binoxide with two of the oxide of man- 
ganese. • 

1257. Another oxide has lately been pointed out bv Mr Phil- 
lips in a mineral which has been termed Varvicite, containing 
four eqs. of manganese and seven of 'oxygen. 

1258. The Binoxide (Bi.ack Oxide or Pr'ioxiDK) of Man- 
ganese ( Syinb . 0 2 Mn, or :Mn. • Eq. by W. 43.7 = 0.16 + 27-7 
Mil), occurs abundantly in the mineral kingdom, and is the com- 
pound from which all the other preparations of manganese are 
usually obtained. Its use in the preparation of oxygen and chlo- 
rine, and in several other processes, has been already described. 
It is contaminated with oxide of iron and earthy carbonates, 
silica, and alumina, in the state in which it is usually met with. 
It is procured in this country, in Devonshire and Aberdeenshire, 
and is also imported from •Sweden. 

1259. The binoxide of manganese is not altered by exposure 
to air or water. By heat it is deprived of part of its oxygen (25). 
It docs not combine with acids ; but is resolved by them into 
oxygen, and the oxide, with which the acid combines. It has 
little action with nitric acid. It does not unite with alkalis. 

1260. Binoxide of manganese is much employed in practical 
chemistry and in the arts. Heated to redness or boiled with 
sulphuric acid, it yields oxygen gas. With hydrochloric acid it 

• , z 
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yields chlorine. It is used to give a dark coating to earthen- 
ware. In the glass manufacture, it is employed in small quan- 
tity to correct the tint caused by iron. It is used in calico- 
printing to furnish sulphate of manganese, from which a bronze 
or dark brown colour is procured. 

1261. Manganeseous Acid (Symb. 0 3 Mn or :Mn. Eq . by 

W. 51.7 = 0.24 + 27.7 Mn), which contains still more oxygen 
than the binoxide of manganese, may be obtained easily in com- 
bination with potassa, (> by mixing one part of the binoxide of 
manganese intimately with three or four of nitre, and exposing 
the mixture to a bright red-heat for half an hour in a crucible. 
The mixture should not fill more than a third of the crucible. 
In this process, the nitric acid of the nitre is completely decom- 
posed, part of its oxygen combines with the binoxide of man- 
ganese and converts it into manganeseous acid, which remains 
in combination with the potassa ; and the rest is disengaged along 
with the nitrogen. The manganesite of potassa prepared in fnis 
manner has a very green colour, and must be kept in close ves- 
sels. as it usually contains an 'excess of alkali, which renders it 
very deliquescent. It is usually called the Mineral Chameleon , 
from the different colours which its solution presents, when di- 
luted with different quantities of water, or exposed freely to the 
air for some time. * . 

1262. Reduce ten or twelve grains of the mineral chameleon 
to powder, put it into a deep glass vessel, and pour in a little 
water ; it will immediately become of a very deep green colour, 
dissolving the mangam^ite of potassa ; and by pouring in an 
additional quantity of water, it will pass through various shades 
of gr.^en, blue, and purple, and at last become of a red colour. 
These changes arise from the manganeseous acid attracting 
oxygen from the water, and being converted into Manganesic 
Acid, which has a deep red colour when dissolved in water, and 
communicates the same tint to this liquid when combined with 
potassa. The presence of a small portion of this acid occasion- 
ally communicates a pink tint to salts of the oxide. 

1263. The binoxide of manganese being usually mixed with 
oxide of iron and other impurities, most of which are dissolved 
along with the oxide of manganese when digested in sulphuric 
or hydrochloric acid, the following process, pointed out by Dr 
Faraday, will be found convenient when a pure solution of man- 
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ganese is required. Mix one part of hydrochlorate of ammonia 
(sal-ammoniac) in fine powder with twice its weight of the bin- 
oxide of manganese, and expose the mixture to a dull red-heat 
in a crucible for a quarter of an hour ; the ammonia is disen- 
gaged, the binoxide loses oxygen, and the chlorine of the hydro- 
chloric acid combines with metallic manganese alone, having a 
much greater affinity for this metal at a red-heat than for iron. 
As a great excess of binoxide is used, no chloride of iron is 
formed, and a pure solution of Vliloridc of manganese is obtain- 
ed,* on digesting the remaining mass in water, and separating the 
iron and excess of manganese by filtration. 

1264. Drop a little of the* solution of ferrocyanate of potassa 

into the solution of chloride of l^angancse prepared in this man- 
ner ; a white precipitate is thrown down immediately — the fer* 
rocyanate of manganese. Add a little of the same solution to a 
diluted solution of the chloride or sulphate of manganese, pre- 
pared by digesting the binoxide as it is usually procured in hy- 
drochloric or sulphuric acids ; a precipitate immediately ap- 
pears, but it has a rich blue colour, from the large quantity of 
ferrocyanate of iron that is thrown down with the ferrocyanate 
of manganese. m 

1265. Dr Thomson recommends manganese to be purified by 
operating with the solution prepared on digesting the binoxide 
iu hydrochloric acid to procure* chlorine. He states, fct It” the 
solution, “ is always contaminated with a good deal of iron ; and 
sometimes it contains copper and likewise baryta. Copper is 
easily thrown down by passing a current of sulphureted hydro- 
gen gas through the solution. I then render it as neutral as 
possible by evaporation, and after diluting it with water, jHadd 
ammonia in small quantities at a time, as Jong as the precipi- 
tate appears red. I then filter. The liquid which passes through 
is colourless like water. It is proper to try whether the whole 
iron has been thrown down, by putting a few drops 8f it into a 
watch-glass, and adding a drop of the solution of prussiate of 
potash. If the precipitate be quite without any shade of blue, 
we may be sure that ho iron is present. If the black oxide was 
free from baryta, nothing more is necessary to have the man- 
ganese quite pure. But if baryta be present, we must add a so- 
lution of sulphate of ammonia as long as a precipitate continues 
to fall. The liquid being now filtered, and mixed with a suffi- 
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eient quantity of* bicarbonate of potash, pure carbonate of man 
ganese falls to the bottom, which requires only to be washed 
and dried/’ 

1266. From the pure carbonate thus procured, the metal max 
be extracted in the same way as from the oxide (par. 1251), or 
solutions may be procured by dissolving it in the stronger acids. 

1267. A pure carbonate of manganese may also be procured 
by the following process, pointed out by Forchammer. Mix 
equal parts of the bino.xidc and Sulphuric acid, and heat them 
as long as any vapour of sulphuric acid comes away. Sulphates 
of manganese, iron, copper, &c. are thus formed. By lixiviation 
and filtering, the insoluble sulphates of baryta and lead are se- 
parated. The solution lias thep hydrosulphate of ammonia ad- 
ded as long as there is any dark precipitate thrown down. The 
iron and copper arc thus separated. The liquid is then filtered, 
heated, and treated with bicarbonate of potash as above. 

1268. Salts of manganese in solution are known by the fol- 
lowing characters : 

1. Ferroeyanate of potassa £ives a white precipitate. 

2. Hydrosulphates give a precipitate of a yellowish colour, 
a hydrated sulphuret of iqanganese; but hydrosulplmric acid 
does not occasion any precipitate when the oxide is combined 
with a strong acidT 

3. The alkalis throw down ft white precipitate, a hydrated 

oxide, which acquires a dark colour, gradually attracting oxygen 
on exposure to the air, and at length becoming red oxide of 
manganese. , m 

4. If a portion of the precipitate thrown down by an alkali 
be touted before the blowpipe with borax in the oxidating flame, 
a glass is procured having a purple colour, more or less deep, 
according to the quantity employed. In the reducing flame, the 
colour disappears. 

1269. Absolution of the Chloride of Manganese, for esti- 
mating the strength of a solution of the chloride of lime, may 
be obtained by evaporating to dryness the solution that remains 
after the preparation of chlorine by common hydrochloric acid 
and binoxide of manganese, digesting it afterwards in water and 
filtering the liquid produced in this ‘manner. The chloride is 
also employed in calico-printing. 
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UHAP. IX —CHROMIUM. • 

tiynib. Or. Jgq. by W. 28.19. tip. rjr. 5.9. Fused only by a very 

interne heat . 

• 

1270. It is not easy to procure chromium in the metallic 
form, as it has a considerable Jiftinity fo£ oxygen. Small quan- 
tities have been obtained from a mixture of the oxide with 
charcoal, exposing it to heat in the manner directed for the 
preparation of metallic manganese (1251). The following 
are Vauquelins directions for preparing this metal : Digest 
chromate of lead in fine powder with Jive times its weight of 
hydrochloric acid, evaporate the liquid to dryness, and digest 
the residuum in alcohol, by which a solution of the chloride of 
chromium is procured free from chloride of lead. Apply a 
gentle heat to this liquid till it assume* the consistence of a 
*yrup, and then make it into a paste with oil and charcoal. It 
must then he put into a small crucible, and enclosed in a larger 
one tilled with pounded charcoal ; <yul on heating it strongly in 
a forge for about a hour, chromium is procured. Chromic acid, 
he has stated, affords it more readily than the oxide, hut he 
preferred the process with the chloride. 

'The ores from which chromium is procured are dichromate of 
lead , a red mineral, not very abundant, and chromate of iron , which 
is found in Shetland and other parts of Europe. 

1271. Chromium has a white colour and exhibits the metallic 
lustre. It is a brittle metal, easily pulverized. It is very^Jowly 
acted upon by exposure to air and moistpre. The acids, even 
aqua-regia, scarcely affect it,— but it is dissolved by the hydro- 
fluoric acid. It is oxidated by fusing it with the carbonates or 
nitrates of the fixed alkalis. 

1272. Terdinoxidk (Sesquioxide, Protoxide, or Oxide) of 
Chromium. Symb. 0 3 Cr 2 or :Cr a ; E<]. by W. 80.38 — 0.24 -f- 
56.38 Cr. This compound is easily prepared by exposing the 
chromate of mercury to a strong red-heat for half an hour in an 
earthen crucible. The oxide of mercury is decomposed and* 
volatilized, and the chromic acid parting with part of its oxygen, 
sesqqjoxide of chromium remains. There are other processes for 
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preparing the sesquioxidc of chromium, but the above is the most 
convenient. By calcining in a close crucible equal weights of 
chromate ofpotassaand sulphur, thesesquioxide is procured, along 
with sulpliate of potassa and sulphurct of potassium, which may 
be removed by water. When the bichromate of potassa is ex- 
posed to a full red-heat, this oxide is formed, and remains mixed 
with chromate of potassa, which may be removed by water. 

1273. Sesquioxidc of chromium, thus procured, is a green 
powder, insoluble in water and m acids, but capable of oxida- 
tion by fusion with nitrate or chlorate of potassa, when it be- 
comes chromic acid, which unites with the alkali. It may be 
precipitated as a hydrate by digesting a solution of chromate of 
potassa with oxalic acid, or boiling a solution of the same salt 
with a mixture of equal parts of alcohol and hydrochloric acid, 
added from time to time until the solution becomes green ; and 
then adding ammonia in excess. When precipitated in this 
manner, it contains a considerable quantity of water, and is 
soluble in the acids. The water is expelled by heat, and the 
dry oxide remains as a fine green powder. When heated to 
redness, it assumes a glowing appearance like tinder, and is 
then rendered insoluble in voids. It communicates a fine green 
to glassy compounds when fused with them, and is much em- 
ployed in the arts for this purpose. 

1274. It is stated that # it may be obtained in a state suffi- 
ciently pure for use in the arts, by calcining chromate of iron 
(chrome iron-ore) with nitre, lixiviating the mass, and boiling 
with sulphur the solution thus procured. 

1275. The compound termed brown oxide of chromium, pre- 
par&hby passing sulphurous acid gas through a solution of 
chromate or bichromate of potassa, is regarded as a compound 
of green oxide and chromic acid. 

1276. Carbonate of Chromium. This compound is pro- 
cured by boiling a solution of bichromate of potassa with sugar, 
and then boiling the brown matter that is precipitated with a 
solution of carbonate of potassa. 

1277. Chromic Acid, (fy/mb. 0 3 Cr ; Eq. by W. 52.19 = 0.24 + 
28.19 Cr.) To prepare chromic acid in a pure state, Mr Unver- 
dorben has proposed the following process. Mix 3 parts of fluor- 
spar with 4 of the chromate of lead, and 5 of the strongest sul- 
phuric acid ; the fluor-spar ought to be heated previously, and 
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reduced to a fine powder. Put this mixture into a leaden or pla- 
tinum retort, apply a gentle heat, and condense in water the co- 
loured gas that is evolved in this manner ; the gas appears in the 
form of red or yellow coloured vapours as it mixes freely with 
the air. Chromic and hydrofluoric acids are thus obtained in 
combination with water, and, on evaporating the liquid in a pla- 
tinum vessel, the hydrofluoric acid is expelled, and the chromic 
acid is left. 

In this process, part of the sulphuric acid unites with the 
oxide of lead of the chromate, and disengages chromic acid, 
while another portion, by acting on the fluor-spar, gives sul- 
phate of lime and hydrofluoric acid (see Hydrofluoric Acid). 
The chromic and hydrofluoric acids produce the coloured gas. 

1278. Dry chromic acid is of a deep red colour ; it is deli- 

quescent, and its solution in water affords red crystals when 
carefully concentrated. Chromic acid parts with a portion of 
oxygen when exposed to a red-heat, and even when its solution 
in water is boiled or left in contact for some time with acids 
and many substances that have an affinity for oxygen, as alcohol 
and other liquids containing a considerable quantity of inflam- 
mable matter, the carbonaceous flatter or hydrogen uniting 
with the excess of oxygen in the chromic acid, and the green 
oxide being retained in solution by the other acid that is mixed 
with it. It destroys the colour of indigo and some other vege- 
table colouring matters. Mixed with hydrochloric acid, a solu- 
tion is obtained which can dissolve gold. * 

1279. Chl^ochhomic Acid was discovered by Dr Thomson, 
and may be prepared in the following manner. Mix 95 grains 
of dry bichromate of potassa and 112 of common salt ; ptlt the 
mixture into a tubulated glass-retort capable of containing 3 
or 4 ounces, and add 250 grains of sulphuric acid ; then adjust 
a flask or other receiver to the retort, and apply a gentle heat 
by a lamp or chauffer, continuing it while red fumes arc disen- 
gaged. These cease to come over rather suddenly, and at the 
same time the materials in the retort present a green appearance. 
About 100 grains of red liquid are condensed in the receiver. 
The heat must not be applied after the red vapours are no 
longer formed. 

1280. In this process, the bichromate of potassa and a portion 
of the chromic acid are decomposed along with the common salt. 
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Sulphates of potassa, soda, and chrome, remain in the retort, water 
and terchloride of chromium being produced by the reaction of 
the liberated chromic and the hydrochloric acid. The precise 
composition of the red liquid is still under discussion. Mr 
Giraud has formed a similar Teriodidk of Chiiomium. 

1281. Pour a few drops very cautiously on a little liquid 
ammonia (3 or 4 drops). Heat and light are immediately 
evolved, and the green oxide of chromium at the same time 
appears, mixed with vapours of the hydrochlorate of ammonia. 
If ammoniacal gas be brought in contact with a small quantity 
of the red liquid, spread over the surface of a wine-glass, the 
reaction is seen more conveniently,* and there is no danger of 
any of the liquid being thrown about the operator. The ammo- 
niacal gas for thi$* purpose may be disengaged bv heating a small 
portion of water of ammonia in a retort by a spirit-lamp, intro- 
ducing the beak of the retort into the wine-glass from time f;o 
time ; the glass is broken when the gas is applied too long at a 
time to the red liquid. 

1282. Alcohol and ether produce a similar effect when mixed 
in small quantity with ehlorochromic acid ; the chlorine appears 
in all these cases to combiner with hydrogen, when it is converted 
into hydrochloric acid. It acts violently on a number of other 
substances containing hydrogen in a condensed state. It in- 
flames sulphur when poured upon it. 

1283. Fluochromic Acid Gas is not so easily prepared, from 
the facility with which it is decomposed by glass vessels, the 
hydrofluoric acid uniting *with the silica, while chromic acid is 
set at liberty ; it is prepared, by heating a mixture of fluor-spar, 
chrofete of lead, and sulphuric acid, in the proportions already 
described (1277). A deaden retort should be used, similar to 
what has been recommended for the preparation of hydrofluoric 
acid. 


Salts of Chrome. 

1284. The salts of chrome are divided into two classes, viz. 
those in which the oxide acts the part of a salifiable base, and 
those where some other salifiable base is combined with chromic 
icid ; the latter are the most important. 

1285 Chromate of Potassa is prepared from a mixture of 
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nitre and the common chrome iron-ore, usually termed chromate 
of iron, but which is composed of the oxides of chrome and iron 
mixed with earthy matter, The ore must be reduced to a very 
fine powder, and mixed with an equal weight of nitre, exposing 
the mixture to a red-heat in a crucible for about half an hour, 
when a small quantity of materials, as one or two ounces, is 
used. The nitric acid is» completely decomposed, converting 
the oxide of chrome into chromic acid, and the oxide of iron 
into peroxide. The chromic acid unites* with the potassa, form- 
ing chromate of potassa, and on boiling what remains in the 
crucible in water and filtering through paper, a clear solution 
of the chromate of potassa 'is procured, and the iron and earthy 
matter remain on the filter. The free potassa which the solu- 
tion always contains must then be neutralized by nitric acid, 
concentrating it afterwards by evaporation, that the nitrate of 
potassa may crystallize, after which, the remaining liquid will 
deposit crystals of the chromate of potassa when allowed to 
evaporate spontaneously. They have a lemon-yellow colour, 
and are soluble in twice their weight of cold water, and a much 
smaller quantity of boiling water, By exposure to an intense 
heat, this substance becomes grew, fusing, and losing a por- 
tion of oxygen. A very small portion colours a very large 
quantity of water. 

1286. The Bichromate of Potassa is prepared by adding 
sulphuric or nitric acid to a solution of the neutral chromate, 
sulphate of potassa being formed, while the chromic acifl set at 
liberty unites with another portion of the chromate of potassa 
which is not decomposed. The solution at the same time as- 
sumes a deep red colour, and red crystals of the bichromate are 
procured by spontaneous evaporation. They are less soluble 
than the crystals of the neutral chromate of potassa, requiring 
about ten parts of cold water for their solution. 

1287. Add a solution of the carbonate of potassa to a solu- 
tion of the bichromate of potassa till the excess of acid is neu- 
tralized ; the liquid ^vill become of a yellow colour, chromate of 
potassa being formed. Then drop in sulphuric acid, that it 
may combine with the potassa which has been added, when the 
bichromate of potassa will be formed, the red colour returning 
again. 

1288. The bichromate loses a portion of oxygen when ex- 
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posed to a strong red-heat, oxide of chrome and chromate of 
potassa being left. 

1289. Chromate of Baryta is precipitated when a solu- 
tion of chromate of potassa is added to a solution of hydrochlo- 
rate of baryta, liydroclilorate of potassa remaining in solution. 

1290. Chromate of Lead is prepared by adding a solution 
of the chromate or bichromate of potassa to a solution of the 
nitrate or acetate of lead, as long as any precipitation takes 
place. It has a fine yellow cofour, and is the pigment w r ell 
known by the name of Chrome Yellow. It is soluble in nitric 
acid. It occurs native. 

1291. Dichromate of Lead, called also subchromate, is com- 
posed of two equivalents of oxide of lead and one of chromic 
acid. It is formed wheir the chromate is boiled with about two- 
tliirds of its weight of oxide of lead. It may be procured also 
by mixing intimately one equivalent of chromate of lead apd 
one of carbonate of lead ; the carbonic acid of the latter is dis- 
engaged, and the oxide combines with the chromate. 'The 
ebullition may be carried on in a glass or earthen vessel for an 
hour or two. The process first proposed by Mr Badains con- 
sists in boiling one equivalent of chromate of potassa with two 
of carbonate of lead. By digesting the chromate in an alkali, 
part of the acid is withdrawn, and the oxide of lead remains in 
union with a portion of chromate, forming the dichromate. It is 
in this manner that the dicliromate is formed in dyeing, lime- 
water being frequently employed. The dichromate has a fine 
orange colour. By adding an acid to the dichromate, it is turned 
yellow, being then rendered chromate. 

1292. Chromate of Mercury, which has an orange-red co- 
lour, is easily prepared by adding a solution of the chromate of 
potassa to a solution of the nitrate of the oxide of mercury as 
long as any precipitation takes place ; nitrate of potassa re- 
mains in solution. 
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CHAP. X.— COBALT. 

My mb. Co. Eq. by W. 29.5. Sp. gr. 7-83 or 8.5 It fuses at a 

temperature a little below the melting point of iron. 

• 

L293. Cohalt is usually found in union with arsenic. The 
ore termed glance cobalt , the most abundant of its ores, contains 
chiefly cobalt, arsenic, and sulphur. It is also found as an 
oxide, and in union with iron and arsenic. Its ores frequently 
contain also a quantity of •copper. It is generally present in 
small quantities in meteoric ir<fn. 

1294. Cobalt may be prepared froift zaffre \ an impure oxide 

of this metal, the residue of one of the principal ores of cobalt 
(g rseniuret), after exposing it to heat to drive off the sulphur 
and arsenic which are usually combined with it. To procure 
cobalt from this substance, it jnust be mixed with thrice its 
weight of black flux, and exposed to a strong heat in a crucible. 
It is never pure, however, when prepared in this manner, being 
contaminated in general with arsenic, copper, and iron, and fre- 
quently with nickel. * 

1295. To obtain pure cobalt^ the following process may be re- 
sorted to. Dissolve zatfre (impure oxide of cobalt), in* hydrochloric 
acid, diluted with a little water, and transmit a stream of liy- 
drosulphuric acid through the solution, that any arsenic which 
it contains may be precipitated in thS form of sulphuret ; sul- 
phuret of copper is also precipitated. Introduce a plate of 
iron, which will gradually precipitate any remaining copper, 
and then boil the solution with nitric acid, and add an excess of 
carbonate of potassa in •solution ; the iron and the cobalt are 
both precipitated, and to remove the former, it has been re- 
commended to digest the mixture in a solution of oxalic acid. 
The insoluble oxalate of cobalt which is left may then be 
decomposed by exposing it to a red-lieat in a covered vessel, 
without any addition, when metallic cobalt is procured, and 
appears in the form of a dark powder. To fus<rit an intense 
heat must be applied. 

1296. Cobalt is little acted on by air, except at a high tem- 
perature, when it is oxidated. It, decomposes water at a red- 



304 


SALTS OF COBALT. 


% 

beat, hydrogen being evolved. It is readily dissolved by nitric 
acid, but sulphuric and hydrochloric acids have little action with 
it. It has a greyish colour with a tinge of red, and is brittle. 

1297. Oxide of Cobalt ( Symb . OOo, or • Co . Eq . by W . 37 .5 
= 0.8 -f 29.5 Co.) This compound may be procured by adding 
potassa to a solution of the nitrate of cobalt. The oxide is pre- 
cipitated as a blue hydrate. This absorbs oxygen when exposed 
to the air, and assumes a greenish colour. Dr Thomson re- 
commends the hydrate to be kept for half an hour at a cherry- 
red heat, by which any water and absorbed oxygen arc expelled, 
and the- oxide remains of a fine blue colour. The oxide may 
also be procured by exposing carbonate of cobalt to a red-heat 
in a vessel excluded from access of air. It is the basis of the 
salts of cobalt. It dissolves readily in the acids, and also in 
ammonia. When heated not too much or too long in air, it passes 
to a brown and then to a black colour, acquiring a large addi- 
tional quantity of oxygen. Oxide of cobalt is particularly dis- 
tinguished by the fine blue tjnt which it imparts to vitreous 
compounds when heated along with them. 

1298. Metallic cobalt is not employed in the arts ; the impure 
oxide fused with silica ami potassa gives a tine blue-coloured 
glass, %affre, which is then ground to powder, and receives the 
name of smalt, much employed to give a blue colour to glass, 
and the glazing of earthenware. 

1299. Solutions of salts of cobalt give a blue-coloured preci- 
pitate with solutions of the alkalis, and on heating it with borax 
before the flame of the blowpipe, placing it upon a piece of brick 
or other earthenware, a blue-coloured glass is procured. 

1300. Ferrocyanate of potassa gives a light green-coloured 
precipitate, and alkaline hydrosulphates give a dark coloured 
precipitate. Hydrosulphuric acid docs not precipitate cobalt. 

1301. Nitrate of Cobabt may be prepared by digesting 
cobalt in nitric acid diluted with water ; the solution affords 
brownish-red crystals on concentration. 

1302. Sulphate of Cobalt is prepared easily by digesting 
carbonate of cobalt in diluted sulphuric acid. 

1303. Carbonate of Cobalt is precipitated when nitrate of 
cobalt and carbonate of soda are mixed together in solution. It 
is of a pink hue, 

1304. The solution of the Chloride of Cobalt is used as a 
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sympathetic ink ; characters traced with it on papei* leave no 
mark when dry, if the solution be not Vbry strong ; and appear 
of a blue colour when it is exposed to a gentle heat, so as to 
expel the water, which fades again as it cools, or if it be put 
into water. The solution is obtained easily by dissolving the 
carbonate in hydrochloric acid, or by digesting cobalt in one 
part of hydrochloric acid mixed with half its bulk of nitric acid, 
and two or three parts of water, evaporating the liquid obtained 
in this manner to dryness, and then dissolving the residue in 
water. The solution has a pink colour. Red crystals may be 
procured by evaporation. 

1305. If copper or iron ]be present in the solution, the traces 
appear green instead of blue. 

1306. A solution for sympathetic ink may be procured by di- 
gesting one part of cobalt (or zaffre) with foflr parts of nitric 
acid, and adding to the solution one part of common salt diluted 
nrtth four of water. Salt produces a green as well as copper ; 
with cobalt alone, the tint is blue. 


CHAP. XL— Alls KN 1C. 

tij/ml). As. Eq. by W. 37.7. gr. 5.7- It is volatilized at 360°. 

1307. Metallic Arsenic occurs native, but it is rare. It 
may be prepared by exposing arsenious acid, or the white oxide 
of arsenic, as it is sometimes termed, to heat along with charcoal 
in fine powder ; the oxygen of the acid, unites with the carbon, 
and forms carbonic acid, which escapes in the gaseous form, 
while the metal is at the same time volatilized, and must be con- 
densed in a close vessel,* so that it may not be exposed to the 
action of the air. The best method of conducting* the process, 
when a small quantity is required, is to mix the arsenious acid 
intimately with about twice its weight of charcoal (or black flux), 
taking care to have’ them both perfectly dry, and expose the 
mixture to heat in a crucible, luting another ovey it in an in- 
verted position to collect the product, and leaving a small aper- 
ture for the escape of gas. The lower crucible should be placed 
in a sand-bath furnace, and the upper one kept as cool as pos- 
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sible, and completely out of the sand, that the arsenic may con- 
dense ; the process may be easil y conducted with a small chauffer 
or furnace, taking care always to protect the upper crucible from 
the heat as much as possible. Dr Christison prefers charcoal to 
the black flux (which is generally recommended), more espe- 
cially when only a small . quantity of materials is operated on, 
for, with charcoal, the whole of the metallic arsenic is obtained 
from the arsenious acid, while, if the black flux be used, which 
is composed of carbonate of potassa and charcoal, part of the 
arsenic is retained. The charcoal should be ignited in a crucible 
before it is used, that all adhering moisture may be removed. 
The arsenious acid and charcoal should be mixed before they 
are introduced, and a small portion of charcoal should be thrown 
over the mixture before heating it. Occasionally, also, when 
small portions are used, the charcoal above the mixture may he 
heated first, and the arsenic sublimed through it ; in this manner, 
any minute quantity of arsenious acid that may escape decomposi- 
tion at first, is decomposed as it passes through the hot charcoal. 

1308. Instead of using a crucible, the reduction may he effected 
more easily, in operating with small quantities, by heating the 
mixture in a glass-tube, held in the flame of a spirit-lamp ; and 
in all test experiments a glass-tube is invariably preferred, as 
the operation can be conducted with little or no loss, and much 
more conveniently, while, with a crucible, there is always con- 
siderable loss, the product is not so easily collected or examined, 
and when the quantity is very small, the crucible is totally unfit 
for the operation. The tube must be perfectly dry, and the 
mixture should be placed in a small piece of paper, so as to slide 
readilv down the tube when held in an inclined position. The 
student should repeat this process frequently, in tubes of diffe- 
rent sizes, from half an inch to a quarter of an inch in diameter, 
and from two to four inches long, using different quantities of 
the mixture; from one-eiglith of a grain to seven or eight grains, 
till he has become quite familiar with the appearance which the 
metallic arsenic presents. 

1309. Berzelius has recommended a tube of the form repre- 
sented in figure 203, to be used, when a very minute quantity is 
operated on ; the materials may then be introduced by a small 
funnel made on purpose, which descends within the ball, push- 
ing them down with a small wire. In this manner the sides of 
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the tube are kept clean, and on heating the mixture, the Flg a<a 
metallic arsenic sublimed condenses within the narrow 
part of the tube, and a distinct crust of metal is thus 
procured in many cases, where, had it been diffused over 
a larger surface, it might have been scarcely perceptible. 

The bulb at the extremity of the tube should not be 
filled more than one-half ( or three-fourths Tull. When 
the crust is to be removed from the tube, a file should be 
drawn across it immediately* below the part where the 
metallic arsenic has collected; a slight pressure will then 
be sufficient to break off the lower part of the tube, aild the 
metallic arsenic may be separated by a penknife. 

1310. Metallic arsenic is a very brittle metal, and may 
be’easily reduced to powder in a mortar. It is of a steel-grey co- 
lour, called bluisli-white by some, and has a considerable lustre. 
It presents the appearance of highly polished steel when it has 
btien condensed upon a smooth surface, as a piece of glass ; this 
is seen, however, only where it has adhered to the glass, and the 
other side presents the appearance of a congeries of small crys- 
tals, somewhat similar in its general appearance to many of the 
ornaments of cast-steel that are now made, when their surface 
is intersected by many lines. After sublimation in a glass-tube, 
metallic arsenic may be recognised by its appearance, even 
when the quantity does not exceed the 280th part of a grain. 
(Christison.) 

1311. Arsenic tarnishes on exposure to air, moisture, or acid 
vapours, becoming dark, and acquiring a film of oxide, or mix- 
ture of metal and oxide. Some specimens are very slowly oxi- 
dated, while others soon crumble down to a pow T der (an imper- 
fect oxide). It is little acted on by cold water, but is said to 
be oxidated and dissolved when boiled with water. 

1312. Put a grain or*two of metallic arsenic on a plate of 
iron, and expose it to heat ; the arsenic is speedily volatilized, 
and produces a strong odour, similar to that of garlic. It sub- 
limes at 360°, condensing unchanged if excluded from access to 
oxygen, but oxidated if air or oxygen be present. Expose an- 
other portion of metallic arsenic to heat in a glass-tube, and 
sublime it repeatedly from one part to another ; it attracts 
oxygen from the air, and is converted into arsenious acid, the 
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crystals being very brilliant, anil presenting an adamantine lustre. 
At a high temperature, it burns with a blue dame. 

1313. Arsenious Acid (called also White Arsenic, White 
Oxide of Arsenic, or, commonly, Arsenic). Synib. 0 3 As' J , or: As 2 ; 
Eq. by W. 99.4 = 0.24 + 75.4 As. This is the most important 
compound of arsenic. It occurs native, but is usually procured by 
roasting the arseniuret of cobalt in a reverberatory furnace, when 
the arsenic is sublimed and oxidated, amt condenses in cakes in 
the chimney of the furnace. Ik is sublimed a second time in 
iron vessels, and then forms the common arsenic , or white arsenic 
of commerce, which, reduced to powder, gives the white arsenic 
of the shops. It is the product fornied when arsenic burns, or 
is sublimed in contact with air. 

1314. When newly sublimed, it is in brittle cakes, semi- 
transparent, of a' glassy appearance, and adamantine lustre. On 
being kept it becomes white and opaque, without appearing to 
be altered in its chemical constitution. Its specific gravity is 
3.72. It is sublimed at 380°, and condenses in octohedrons. It 
gives out no odour when sublimed if perfectly free from metallic 
arsenic. When heated very suddenly to a temperature above 
380°, it melts and runs into a glass, which soon, however, be- 
comes op a ( pie as before. 

1315. Arsenious acid lias little or no taste, as Dr Christison 
first distinctly pointed out, though it was previously said to have 
an acrid taste, leaving a slight impression of sweetness. The 
acrid taste is now considered to have arisen from the inflamma- 
tion wdiich it subsequently excites, having been mistaken for 
the taste. It seems to be generally considered that it is slightly 
sweet, 

1316. Arsenious acid possesses the characters of an acid, red- 
dening litmus paper, and combining with the alkalis. Its com- 
pounds with* the various bases are called arsenites. They may 
generally be formed by boiling the arsenious acid with the re- 
spective bases and water. 

1317. Arsenite of potassa is the active ingredient in Fowlers 
arsenical solution , and in the liquor arsenicalis. It may be formed 
by boiling arsenious acid in water with an equal weight of car- 
bonate of potassa. 

1318. Different statements have been made by authors as to 
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the solubility of arsenious acid in water. The opaque and trans- 
parent varieties differ in their degree of solubility, the opaque 
arsenious acid being the more soluble of the two. The presence 
of various organic matters, as albumen or mmni$ renders it less 
soluble in water (Christison). 

1319. According to Klaproth, who examined particularly the 
solubility of arsenious acid, * 1000 parts of water at 60° dissolve 
only 2.5 parts (l-400th) of arsenious acid, while 1000 parts of 
boiling water can dissolve 77.75 parts (1-I3th), but the solution, 
when cooled, retains 30 parts (l-33d). Guibourt found that 
1000 parts of cold water take up 9.6 of the transparent, and 
12.5 of the opaque arsenious "acid. According to Fischer, 12.3 
parts of boiling water dissolve '1 of arsenious acid, while the 
same quantity of the acid requires 66.5 parts of cold water to dis- 
solve it. Tt may be said that 13 parts of boiling water take up 1 
of arsenious acid, of which about 3-8ths are retained when the 
liquid cools, water thus dissolving about l-34thof arsenious acid 
when first heated with it. According to Guibourt, 18 of the trans- 
parent variety, and 29 (l-34th) of the opaque, remain in solution 
in 1000 parts of water in which they have been placed while hot. 
Accordingly, to procure a strong solution of arsenious acid, boil 
the opaque variety about twenty minutes in 34 parts of water. 

1320. The arsenious acid deposited from a hot watery solu- 
tion as it cools, or by slow evaporation, appears in octohedral 
crystals. The solution tastes slightly sweet, and reddens litmus. 

1321. Arsenious acid is soluble in about 80 parts of alcohol 
at 60°. It is also dissolved by several df the acids. 

1322. This substance is an extremely virulent poison, whether 
taken internally, or applied externally to any exposed surface, 
as a wound or open sore. Internally, it ‘causes inflammation 

' and gangrene of the stomach and intestines. 

1323. The solution of hydrosulphuric acid has bopn recom- 
mended as the best antidote to arsenious acid, the yellow sul- 
phuret of arsenic that is formed being comparatively inert ; it 
is not free from danger, however, and has sometimes produced 
death, though it is certainly much less virulent in its action 
than arsenious acid. Lime water is also recommended, to pre- 
vent the solution of the poison, but the great object in all copes 
must be to excite vomiting as speedily as possible ; and to give 
large quantities of mucilaginous liquids to involve and suspend 
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the poison till it lias been rejected. The hydrated peroxide of 
iron, precipitated from a pcrsalt of iron by ammonia, has been 
recommended as an antidote. 

1324. As ASsenious Acid is frequently administered as a 
poison, the student should perform a number of experiments, 
to render himself familiar with the appearances which the dif- 
ferent re-agents that have been recommended for detecting it 
present with arsenious acid whep pure, or mixed with a number 
of other substances, such as are usually found in the contents of 
the stomach, or are likely to have been given at the same time, 
either as an antidote, or for any other purpose. It has occa- 
sionally occurred in the common salt of commerce in a small 
proportion, giving rise to serio'us illness. 

1325. Mix 1 part by weight of arsenious acid and 2 of car- 
bonate of potassa, and boil the mixture in ten or twelve times 
its weight of water ; the arsenious acid unites with the potassa, 
and is very speedily dissolved, the arsenite of potassa being 
much more soluble than pure arsenious acid. This solution 
may be used for experiments. As the excess of alkali which 
the solution contains (when the materials have been mixed in 
the above proportion), nn/st react upon many of the tests used 
for the detection of arsenious acid, the student must always 
bear in mind the precise composition of the fluid on which he 
is operating. 

1326. There are five methods of detecting arsenious acid in 
solution, — 1. Testing the liquid with hydrosulphuric acid; 2. With 
a solution of cojjper ; 3. With ammoniaco-nitrate of silver ; 4. Ex- 
tracting the metal from the precipitated sesquisulpliuret by heat 
awl the black flux ; dissolving it and applying the previous tests 
if necessary ; 5. Forming and burning arsenureted hydrogen . 

1327. (1.) Hydrosui.phuric Acinoe a test for arsenious acid.* 
Mix a few drops of the saturated solution of arsenious acid with 
seven or eight ounces of water, and pass a stream of hydrosul- 
phuric acid gas through the liquid. The sulphur of the gas 
combines with the metallic arsenic, rendering the liquid of a 
yellow colour, but very faint, from the small quantity of mate- 
rials present, and the hydrogen combines with the oxygen of 
th€ arsenious acid, forming water. Boil the liquid to expel the 
excess of hydrosulphuric acid, and then set it aside for several 
hours, when a minute quantity of sesquisulpliuret of arsenic will 
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be gradually deposited at the bottom. The liydrosulphurie acid 
may be prepared in a bottle with a bent tube fitted to it by a 
cork, the other extremity being introduced into a glass contain- 
ing the solution. * 

1328. Pass a stream of hydrosulphuric acid gas through a 
strong solution of arsenious acid in water ; observe the large 
quantity of the sesquisulphuret of arsenic which is precipitated 
of a rich yellow colour ; place it on a filter when no farther 
precipitation takes place, and after washing it several times with 
water, set it aside that it may dry. 

1329. Transmit a stream of hydrosulphuric acid gas through 
a solution of the arsenite of potassa, taking care to have a slight 
excess of alkali. No precipitate is thrown down, nor does the 
gas appear to have any effect upon the liquid hydrosulphuric 
acid gas not being capable of decomposing arsenious acid when 
in combination with potassa. Add an excess of hydrochloric 
acid or acetic acid, and immediately the characteristic yellow- 
coloured precipitate will appear. /Pile sesquisulphuret of arsenic 
is soluble in potassa or ammonia. 

1330. The hydrosulphuric acid alone cannot be regarded as 
an infallible test of the presence of sarsenic, as some other me- 
tals, particularly tin and antimony, might give indications bear- 
ing a considerable resemblance to those of arsenic. The far- 
ther method of proceeding will be described immediately. 

1331. (2.) Solution of Copper as a test of arsenious acid. 
Put a few drops of the solution of arsenious acid in water into an 
ounce or two of water, and add a small quantity of a solution of 
the sulphate, nitrate, or acetate of copper. The liquid remains 
quite transparent and colourless, the arsenious acid not having 
so great an affinity for the oxide of copper as the acid with 
which it is already combined. If a small quantity of an alka- 
line solution (potassa or its carbonate) be now r added, the alkali 
will unite with the acid of the salt employed, and J remain in 
solution, and the arsenious acid combining with the oxide of 
copper will form arsenite of copper, which is insoluble in water, 
and is precipitated of a grass-green colour. 

1332., If the arsenious acid shall have been previously com- 
bined with potassa, the grass-green precipitate appears iiqpie- 
diately. Mix a drop or two of the solution of arsenite of potassa 
with a solution of the sulphate of copper in a glass of water : 
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tlie characteristic green-coloured compound is immediately form 
ed. The precipitate procured in this manner is Scheeles fjreni, 
used as a pigment. 

1333. If the student should operate with a solution contain- 
ing arsenite of potassa and an excess of potassa also, then, on 
adding a small quantity of the cupreous salt, the potassa in ex- 
cess alone acts upon it, uniting witll its acid and precipitating 
hydrated oxide of copper, of a blue colour, and very different 
from the compound of arsenious acid and the oxide. Nor is any 
arsenite of # copper thrown down till the oxide of potassa shall 
have been neutralized in this manner. It is obvious, therefore, 
that should a great excess of potassa 'be combined with arsenious 
acid in any liquid under examination, the large quantity of 
oxide precipitated, before any of it is thrown down in combina- 
tion with the arsenious acid, might completely prevent the green - 
coloured precipitate from being seen. The oxide of eopppr 
precipitated may be dissolved by adding small quantities of 
sulphuric acid till the green precipitate appears. At the same 
time, it must not be forgotten, that an excess of sulphuric acid 
will dissolve the arsenite of copper. 

1334. Add a solution of potassa to a solution of the sulphate 
of copper, and compare the precipitate that appears with that 
which is thrown down by the arsenite of potassa. 

1335. Instead of using potassa to combine with the acid of 
the salt of copper, and allowing the arsenious acid to unite with 
the oxide, a solution of copper in ammonia is frequently em- 
ployed, and indeed it is to be preferred, as it is easy to combine 
the salt of copper with the exact quantity of ammonia that may 
he required for tlie precipitation of the arsenious acid ; the pre- 
cipitate that is thrown down in this case, however, has not such 
a rich green colour as when potassa is, used. 

1336. To prepare a solution of a salt of copper for this pur- 
pose, ammonia must be added to it till the precipitate that is 
thrown down at first is almost entirely redissolved, decanting 
the deep blue-coloured liquid that is obtained in this manner, 
and keeping it in a bottle accurately closed, otherwise the am- 
monia will soon escape on exposure to the air. The ammonia 
unites with tlie acid of the salt, forming a salt which remains 
in solution, and the precipitate that is thrown down consists of 
oxide of copper, whicb is redissolvcd by the ammonia that is 
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afterwards added. If more ammonia be used than is sufficient 
to redissolve the whole of the precipitated oxide, the solution 
does not give any precipitate with arsenious acid, the arsenite 
of copper being soluble in an excess of ammonia. 

1337. Add a few drops of a solution of the ammoniaco-nitrate 
of copper, prepared in the manner described, to a solution of 
arsenious acid. Arsenite of copper is immediately precipitated. 
Diffuse the precipitate through the liquid, and divide it into 
two portions ; then add a little nitric acjd to one and some am- 
monia to the other ; the precipitate in each is redissolved, being 
soluble both in nitric acid and ammonia. 

1 338. The ammoniacal solution of copper cannot be considered 
a certain test of the presence or absence of arsenious acid in liquids 
containing infusions of organic matter,, as in some such fluids a 
greenish precipitate is sometimes caused by it though no arse- 
nious acid be present ; while in others, the arsenite of copper, 
tliough present, is sometimes held in solution. 

1339. (3.) Nitrate of Silver, as a test of arsenious acid. 
Drop a solution of nitrate of silver into a solution of arsenious 
acid in distilled water. No precipitate is thrown down, nitric acid 
having a stronger affinity for oxide qf silver than arsenious acid. 
If a little potassa be now added, it combines with the nitric acid 
and forms nitrate of potassa, which remains in solution ; and the 
arsenious acid, combining with the oxide, forms a yellow-colour- 
ed precipitate — the arsenite of silver. 

1340. Add a solution of the nitrate of silver to a solution of 
phosphate of soda. Phosphate of silver is precipitated, of a 
yellow colour, and nitrate of soda remains in solution. The 
nitrate of silver cannot, therefore, be used as a test of the pre- 
sence of arsenious acid in solutions which may be suspected 
to contain phosphate of soda, as in liquids obtained from the 
stomach of an individual supposed to be poisoned by arsenic. 
The precipitate of the phosphate is smooth and uniform, that of 
the arsenite, curdy. 

1341. Prepare a solution of the ammoniaco-nitrate of silver, 
by adding ammonia in small quantities at a time to a solution 
of the nitrate of silver, proceeding in the same manner as in 
the preparation of ammoniaco-nitrate of copper. Then drop a 
little into a very dilutetbsolution of arsenious acid ; the ammonia 
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remains in combination with the nitric acid, and the arsenious 
acid, combining with the oxide, gives the characteristic yellow- 
coloured precipitate of arscnite of silver. 

1342. If the ammoniaco-nitrate be mixed with a solution of 
the phosphate of soda, a white precipitate will be thrown down, 
instead of the 3 ellow-eoloured precipitate which the nitrate of 
silver gives with a solution of this salt ; and accordingly, the 
ammoniaco-nitrate of silver is always preferred to the nitrate in 
testing any liquid for the presence of this poison. 

1343. Precipitate some arsenite of silver from a solution" of 
arsenious acid by the ammoniaco-nitrate of silver, diffuse the pre- 
cipitate through the liquid, divide it into two portions, and add 
ammonia to one and nitric aci<J to the other ; both will be re- 
dissolved, and accordingly great care must be taken to have no 
excess either of acid or alkali in using the nitrate of silver as a 
test of the presence of arsenious acid, otherwise no precipitate 
will appear, even though a considerable quantity of arsenious 
acid should exist in solution. 

1344. The test with silver ft often very obscure when, organic 
matters or common salt happen to be present in the solution. 
The colour of the precipitate is modified, or it does not appear 
at all. Alone, it cannot be regarded as a certain test of the 
presence of arsenic in a mixed liquid. 

1345. Mix some lime-water with a small quantity of a solu- 
tion of arsenious acid ; arsenite of lime is immediately precipi- 
tated in the form of a white powder. Add arsenious acid in 
excess to the precipitated arsenite of lime ; it is soon dissolved. 

1346. Put a few drops of a solution of the bichromate of po- 
ta&sa into a solution of arsenious acid. The liquid assumes a 
rich pea-green colour after standing for some time ; heat a little 
of it by a spirit-lamp, and the green colour is developed imme- 
diately. The change of colour is owing to the arsenious acid 
attracting oxygen from part of the chromic acid, and converting 
it into oxide of chrome. 

1347. Drop a little of the solution of bichromate of potassa 
into a solution of tartar emetic ; the liquid assumes the same 
green colour as in the preceding experiment, a circumstance 
that was pointed out by Mr Lawrence Reid, and accordingly 
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the bichromate of potassa cannot be used as a test of arsenic in 
any solution which may be suspected to contain tartar emetic. 
Many deoxidating agents produce a similar effect. 

1348. The student, having now made himself familiar with 
the appearances which the most important tests for the detection 
of arscnious acid produce when mixed with a solution of this 
substance, and the precautions which he must take in applying 
them, should perform a number of experiments in the next 
place with liquids containing animal and vegetable matter, and 
mixed with arsenious acid both in soluti(/n and in the solid form, 
till he is able to detect it when the liquid upon which he is ope- 
rating contains only a very minute portion of arsenious acid. 
He must recollect, however, that in operating with mixed 
liquids, such as are generally mfct with in cases of poisoning by 
arsenious acid, where a variety of aninfSal and yegetable princi- 
ples are intimately blended together, and where various kinds 
of saline matter are also likely to be present, he cannot expect 
that he will be able to recognise it so easily as in a solution of 
pure arsenious acid in water. If is now admitted, indeed; that 
we cannot depend upon the appearances which any of the tests 
present when mixed with these liquids, as unequivocal indica- 
tions of the presence of arsenious acid, as it has been proved 
that they often fail in producing the characteristic precipitates 
in such compound fluids, though arsenious acid may be present, 
and occasionally they cause the same appearance as when ar- 
senious acid is present, though the liquid docs not contain any. 
Accordingly, though considerable information may be obtained 
by applying the tests we have described to mixed solutions 
suspected to contain the poison, and, when they all concur in 
the indications which they give of arsenious acid, little, if any, 
doubt can be entertained of its presence ;*still, in order to aitpid 
every source of fallacy, it will be necessary to continue our in- 
vestigations farther, separating the matter that appears to have 
produced the characteristic precipitate with the arsenious acid, 
and extracting the metal itself, if any arsenious acid shall have 
been present. 

1349. (4.) Reduction of the Metal bv the Black Flux to 
detect Arsenious acid. For this purpose Dr Cbristison re ' 
commends hydrosulphuric acid to be employed, dispensing with 
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the other tests. The liquid should be boiled and filtered in the 
first place, and then acidulated with acetic acid, to coagulate 
any albuminous or other organic matters that might interfere 
with the subsidence of the precipitate, or by the viscidity they 
induce, with the filtration ; and also to prevent any alkaline 
matter present from interfering with the precipitation. Acetic 
acid is preferred to nitric or sulphuric acid, as it does not de- 
compose the hydrosulpliuric acid. 

1350. Should the quantity of organic matter in the liquid be 

such as to interfere seriously with the filtration, it should* be 
evaporated s to dryness by a gentle heat, and a new solution 
made by boiling the dry mass with distilled water. The viscid 
or organic matters are thus rendered insoluble, and a solution is 
procured, free from them, and *in a fitter state for the applica- 
tion of the hydnosulphiiric acid. Care must be taken not to 
raise the heat too high in evaporating, which might dissipate 
the arsenious acid. e 

1351. A stream of hydrosulphuric acid gas is then to be 
passed through the liquid, continuing it at least for half an hour. 
The liquid is then to be boiled for a few minutes to expel any 
excess of hydrosulphuric acid. The precipitate is then to be 
collected on a filter, washed 'repeatedly w ith water, and dried by 
a temperature not exceeding 212°. 

1352. On mixing it intimately with about twice its weight of 
black flux, and exposing it to heat in a glass-tube over a spirit- 
lamp, the potassium in the black flux combines with the sulphur, 
and the metallic arsenic is sublimed in the same manner as in 
the reduction of arsenioifs acid by the same substance. The size 
of the tube must be adapted to the quantity q£ the precipitate 
which has been procured ; the most convenient size is about three 
or four inches long anvl about a quarter of an inch in diameter ; 
the mixture should not fill more. than half an inch of the lower 
part of the tube, and smaller’ tubes should be used when only a 
very minute quantity of matter has been precipitated. 

1353. If a crust of metallic arsenic should be obtained, its 
steel-grey lustre, its brittleness, the facility with which it is vo- 
latilized, and the garlic odour that is at the same time produced, 
will be sufficient to distinguish it from any other substance ; if, 
however, there arc only very indistinct appearances of the me- 
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tallic arsenic, the following is the method that I have in general 
found most convenient for ascertaining if arsenic be present. 
The tube is to be exposed again to heat over the spirit-lamp, 
till the matter that has been sublimed is carried a little farther 
up the tube, and completely separated from the black matter 
that remains at the bottom ; the lower part of the tube must 
then be broken off, drawing a file across it previously that it may 
be easily removed, and the upper part put into another glass- 
tube and boiled for five or ten minutes with a little water to 
which a few drops of nitric acid have been added, taking care 
to have an excess of acid. If the tube be coate’d with any 
arsenious acid, it will be immediately dissolved, and converted 
into arsenic acid, and if any metallic arsenic should be present, 
it also will be converted into arsenic ,acid, attracting oxygen 
from the nitric acid and being dissolved at the same time, so 
that the liquid may now be considered as a solution of arsenic 
sifcid in water with a small quantity of nitric acid. Accordingly, 
on neutralizing the excess of acid by dropping ammonia into 
it through a test-tube drawn outsat the extremity over a spirit- 
lamp (so as to represent a small funnel terminating in a capil- 
lary tube), and adding a little nitrate of silver, a characteristic 
brick-red precipitate, arseniate of silver , will appear. Arsenious 
acid is formed when there is an excess of metallic arsenic in pro- 
portion to the quantity of acid employed. • 

1354. Instead of operating in this manner, should a farther 
test be considered desirable, Dr Turner recommends the arse- 
nic to be volatilized up and down in tjie tube, heating it by a 
spirit-lamp. The arsenic oxidates as it is exposed to the air 
in this manner, and small crystals of an adamantine lustre and 
presenting triangular facettes may be easily seen. It will pro- 
bably, however, be satisfactory to many who may not have had 
much experience in operating with this substance to complete 
the examination, by proceeding in the manner described in the 
preceding paragraph ; or, by dissolving the arsenious acid after it 
shall have been formed in the manner advised by Dr Turner, 
boiling it for this purpose in water, and testing it afterwards 
with the more important reagents. Mr Graham and Mr Clark 
have recommended a similar process ; they boil the tube contain- 
ing the sublimate in a little water with a drop of caustic ammonia, 
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neutralize the solution with a little nitric or acetic acid and then 
apply the ammoniaco-nitrate of silver, the ammoniaco-sulpliate 
of copper, &c. in the usual manner. 

1355. The indications given by the different tests are free 
from every source of fallacy when they are added to solutions 
prepared in this manner, as the arsenious acid is thus removed 

f from all the animal and vegetable matter that might have inter- 
fered with their action in the mixed liquid. Infusion of astrin- 
gent matter and some pther vegetable and animal substances, 
which are frequently met with in the liquid contents of ,*the 
stomach, have been shewn by Dr Christison to be capable of 
retaining in solution the precipitates that arsenious acid gives 
with the ammoniaco-nitrates of copper and silver, or of causing 
similar discolorations. f Tartaric and acetic acids appear to 
be solvents in some cases, arsenite of silver being soluble in 
both. 

1356. Orfila has proposed to use chlorine, and Mr Phillips 

animal charcoal, to decolorize mixed fluids suspected to contain 
arsenious acid, and allow the ftsual tests to be applied in the 
liquid way, without previously removing the arsenious acid, 
and subjecting it to some f process of reduction : but though 
both may occasionally be used with advantage, it will be better 
to adopt the method we have already mentioned. Chlorine, 
indeed, converts arsenious acid into arsenic acid. It appears 
also, from the experiments of Dr Christison and Dr Paris, that 
charcoal is capable of precipitating arsenious acid from its solu- 
tion in water. # 

1357. (5.) Detection of arsenious acid by forming Aksenu- 
reted Hydrogen. Mr Marsh of Woolich has proposed a very 
ingenious mode of detecting arsenic in compound solutions, by 
converting it into arsenureted hydrogen. This is effected by aci- 
dulating the solutions with aqueous sulphuric acid, and adding 
fragments of zinc, proceeding in the same manner as in the pre- 
paration of hydrogen gas. When this gas is developed in any 
solutions containing arsenic, it combines with the metallic ar- 
senic, and forms arsenureted hydrogen gas, which is thus sepa- 
rated at once with effervescence from all the materials that 
might have influenced the reaction of tests applied to the so- 
lution. 
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1358. On the small scale, a 
he at glass tube a b (Fig. 204) 
may be used, a piece of zinc (a) 
being suspended from the cork 
into which the stopcock is fixed, 
the stopcock being opened slowly 
when a sufficient quantity cf gas 
has been accumulated, and a 
light applied, so as to inflame 
the* arsenureted hydrogen as it 
escapes. The gas ought to be 
produced slowly when the quan- 
tity of materials is small, by. 
using no more aqueous sulphu- 
ric acid than is necessary to pro- 
duce effervescence. 

“1359. When a larger quantity 
of materials is to be examined, 
an apparatus maybe constructed 
of the form shewn in the an- 
nexed figure (205), and resem- 
bling Dobereiner’s lamp. (See 
Hydrogen, par. 84.) 


Fig. 205. 



1300. In examining arsenureted hydrogen, it may be recog- 
niscd by the flame with which it bums, but more particularly 


Fig. 204. 


e 
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by the deposition of metallic arsenic and arsenious acid when 
the flame is directed upon a piece of cold glass or porcelain. 
See x x , Fig. 204. The hydrogen produces water sis it combines 
with the oxygen of the air, and the metallic arsenic with oxy- 
gen forms arsenious acid. But as the exterior film of gas is 
consumed, part in the interior is decomposed and precipitates 
metallic arsenic, precisely in the same manner as coal-gas de- 
posits carbon. A great variety of appearances may be seen, 
and concentric rings of arsenic dr arsenious acid according to 
the size of the plate applied, and the manner in which it' is 
brought in contact with the flame. This is represented in the 
upper part of Fig. 204. 

1361. When the quantity of material is extremely minute, 
Professor Liebig recommends the arsonureted hydrogen to be 
transmitted through a small tube of glass (free from oxide of 
lead that it may not fuse easily) and heated, so that the arsenu- 
reted hydrogen may be completely decomposed. See d ft. Fig. 
205. The metallic arsenic is then seen beautifully immediately 
beyond the part that is heated, and beyond it a little arsenious 
acid is generally observed ; the extremity of the tube should be 
closed, but not tightly, with, a little cotton, so that any gas may 
escape, while the air shall be prevented from entering freely. 

1362. As it has lately been pointed out, by Mr L. Thompson, 
that antimony may be removed from its solutions by hydrogen 
in the same manner as arsenic, care must be taken in all cases 
where there is a possibility of antimony being present to carry 
the investigation further. Thus, metallic arsenic is rapidly and 
easily volatilized by heat, but antimony requires a higher tem- 
perature and runs into globules. Again, the nitrate of silver, 
the sulphate of copper, or hydrosulphur ic acid may be applied 
in the manner already described to the crust produced by burn- 
ing the hydrureted metal ; if it be arsenic, the usual indications 
are obtained, very different from those given by the oxide of 
antimony. 

1363. Lastly, in applying this test, the extremely deleterious 
nature of the arsenureted hydrogen should be particularly re- 
membered, as fatal consequences may follow from even small 
portions being taken into the lungs (1372.) The zinc and 
sulphuric acid employed in preparing the hydrogen gas for 
dissolving the arsenic must also he particularly examined, as 
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they are frequently contaminated with arsenic. The simplest 
method of proceeding consists in preparing hydrogen with them 
in the above apparatus, and testing it for arsenic in the manner 
recommended by Liebig. Or the sulphuric acid, when it is sus- 
pected to contain arsenic, may be diluted with water, and a 
stream of liydrosulpliuric acid gas passed into it, proceeding- 
after wards in the manner shewn in 1349, &c. 

1364. If a quantity of solid powder be obtained among the 
contents of the stomach, the following experiments maybe made. 

1365. Expose a small quantity to heat on a thin plate of 
copper over a spirit-lamp ; it will be completely volatilized if it 
be arsenious acid. Mix another portion with twice its weight 
of charcoal recently ignited, and if a crust be obtained which 
has the character of metallic arsenic, it will be unnecessary to 
proceed any further. Should the appearance of the crust be 
unsatisfactory, it must be treated in the manner described in 
1353, and if no indication of arsenious acid be then obtained, 
we may conclude that the white powder does not contain any. 

1366. Many other methods of detecting the presence of 
arsenious acid have been proposed, but none of them arc so im- 
portant as those already described, Avitli the exception of one, 
lately pointed out by Mr E. Davy, whfch promises to be of great 
value. This consists in placing any liquid suspected to contain 
it on a piece of platinum, and touching it then with a piece of 
zinc ; metallic arsenic is immediately deposited upon the pla- 
tinum, should the liquid contain any, and Mr Davy states that 
he was enabled to detect the presence* of arsenic, shewing its 
characteristic properties, with the 500tli part of a grain preci- 
pitated in this manner. This method of operating has already 
been described for the detection of lead and copper. 

1367. Arsenic Acid. , {St/mb. 0 5 As 2 , or ::As 2 ; Eq. by IV 
115.4 = 0.40 + 75.4 As.) This compound is prepared by digest- 
ing metallic arsenic or arsenious acid in strong nitric acid, eva- 
porating the solution afterwards to dryness in a glass or earthen 
vessel. The process proposed by Scheele consists in dissolving 
three parts of arsenious acid in seven of hydrochloric acid by 
the assistance of heat, after which five parts of nitric acid are 
to be added, and the liquid evaporated to dryness ; the residue 
may then be heated to dull redness in a crucible. A much less 
quantity of hydrochloric acid is considered sufficient. Bucholz 
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recommends 2 of hydrochloric acid, 8 of* arson ions acid, and 24 
of nitric acid. 

1368. If equal parts of nitre and arsenious acid are fused in 
a crucible, the nitric acid is completely decomposed, part of the 
arsenious acid attracting oxygen from it and being converted 
into arsenic acid, which remains in combination with the pot as- 
sa, while the rest is volatilized. The arseniate of potassa is 
speedily dissolved on digesting it in water ; it gives a brick-red 
precipitate with a solution of the nitrate of silver. Mix half a 
grain of arsenious acid with an equal weight of nitre, fuse it 
slowly in a platinum spoon over a spirit-lamp, then put the spoon 
into a test-tube with a little water* and add a drop of a solution 
of the nitrate of silver to the solution of arseniate of potassa ob- 
tained in this manner, when the characteristic brick-coloured 
precipitate will be thrown down. When arsenious acid is mixed 
with organic matter, it is often advantageous to heat it in this 
manner with nitre, as the oxygen of the nitre completely de- 
composes the organic matter, after wdiich, the arsenic acid that 
is formed may be detected in the usual manner by nitrate of 
silver. 

1369. Arsenic acid thus procured is a white solid, haying a 
sour, somewhat metallic taste ; and is very deliquescent. By a 
full red-heat, it is reduced to arsenious acid, oxygen being ex- 
pelled. It reddens vegetable blues, decomposes alkaline car- 
bonates with effervescence, and combines with the alkalis, form- 
ing arseniate s. It is very soluble, dissolving in six parts of cold 
water, and much less (about two parts) of boiling water. It 
does not crystallize from its evaporated solution, but forms 
in a granular powder. At a certain stage of the evaporation 
it forms a jelly. Ita solution is very sour, even when con- 
siderably diluted. It. is considered as. noxious as arsenious acid, 
or more so. 

r 

1370. Hydbcjret or Protohydburet of Arsenic. This is 
a solid compound, which may be formed by different processes. 
By the action of water on an alloy of potassium and arsenic, the 
alloy is decomposed, and also some water, the oxygen uniting 
with the potassium, while the arsenic combines with the hydro- 
gen, and forms the hydruret. 

1371. Sesquihydrurbt of Arsenic (commonly called Ar- 
senurkted Hydkogkn). Symb. H 3 As*. Eq. by W. 78.4 = 
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H. 3 + 75.4 As. This compound is usually prepared by digesting 
an alloy of tin and arsenic in liquid hydrochloric acid. A por- 
tion of water is decomposed, the tin uniting with its oxygen and 
forming oxide of tin, which remains in solution combined with 
the hydrochloric acid, while the hydrogen and arsenic unite and 
escape in the gaseous form. Or, it may be supposed that the 
acid is decomposed, yielding chlorine to the tin, which is then , 
formed into chloride of tin which remains in solution, while the 
hydrogen passes to the arsenic and forms the gas. Procured in 
tli’is manner, it is said to contain free hydrogen. It is consi- 
dered to be free from this gas when formed by the action of con- 
centrated hydrochloric acid on an alloy prepared by melting to- 
gether equal weights of arsenic and zinc. Its purity is ascer- 
tained by passing it through, or agitating it with, a strong solu- 
tion of sulphate of copper, which absorbs the arsenureted hy- 
drogen and leaves all the hydrogen. 

1372. This is a very deleterious gas ; it proved fatal to Geh- 
len, a German chemist, in 1815.^ It is colourless, has an offen- 
sive odour, burns with a blue dame when a light is applied to it, 
extinguishes burning bodies immersed in it, and is instantly fatal 
to any animals placed in it. If it be supplied with little air 
during its combustion, metallic arsenic is deposited ; if exploded 
with sufficient oxygen, arsenious acid is produced. Water ab- 
sorbs about one-fifth of its bulk of this gas. Chlorine decom- 
poses it, uniting with the hydrogen, and eliminating metallic ar- 
senic, heat and light being evolved. Strong nitric acid decom- 
poses it, red fumes being given off, flame and an explosion some- 
times accompanying the action. When chlorine is added to a 
mixture of hydrosulphuric acid and arsenureted hydrogen gases, 
a diminution in bulk ensues, and flakes of yellow sulphuret of 
arsenic are deposited. # 

1373. Sulphuret of Arsenic.(Pkotosulphuret, Red Sul- 
phuuet, or Realgar). Syvnb. SAs. Eq* by W. 53.8 = S. 16.1 
+ 37.7 As. This compound may be obtained by mixing ar- 
senious acid with twp-fifths of its weight of sulphur, and expos- 
ing the mixture to heat in a covered crucible till it is fused ; 
part of the sulphur unites with the oxygen and forms sulphurous 
acid, which is disengaged, and the rest unites with the metal- 
lic arsenic, forming the deep red-coloured mass that remains. 
It is«sublimed when exposed to heat in a retort, and condenses 
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in the neck in the form of a very rich red-coloured powder. It 
occurs native. 

1374. Realgar has been used as a pigment. It is employed in 
the mixture for the white light, called White Indian Fire. The 
following proportions are recommended for this mixture, 24 of 
nitre, 7 of flowers of sulphur, and 2 of realgar. They must 
be reduced to a fine powder, and thoroughly mixed. 

1375. Sesquisulphuret of Arsenic (called also Yellow 
Sulphur et, Orpiment). Symb\ S 3 As*. Eq . by W. 123.7 = 
S. 48.3 + 75.4 As. This compound contains more sulphur than 
the red sulphuret. It may be prepared in the same manner, from 
a mixture of equal weights of sulphur'* and arscnious acid. It is 
the compound precipitated when liydrosulplniric acid gas is 
transmitted through a solution of arscnious acid. It occurs na- 
tive, of a brilliant yellow, formerly called auripigmentmn . It is 
employed as a pigment, known under the name of King's Yel- 
low . 

1376. The sesquisulphuret of arsenic is of a fine yellow co- 
lour. It is insoluble in water, but if exposed when in a minute 
state of division to the action of this liquid for some time, it is 
gradually decomposed, and arscnious acid is found in solution. 
It is readily dissolved by alkalis. It is easily fused by heat, and 
presents a somewhat crystalline texture when cool. Heated 
out of contact of air, it may befsublimed, and condenses unal- 
tered. 

1377. Orpiment is employed in calico-printing to deoxidate 
indigo, which is thus rendered soluble and enabled to penetrate 
the cloth. It has also been used as a yellow dye. For this pur- 
pose, Braconnot recommends 1 part of sulphur, 2 of arscnious 
acid, and 5 of pearl ash, to be fused in a crucible at a tempera- 
ture a little below a red-heat; the mass to be lixiviated and the 
solution filtered ; diluted sulphuric acid to be poured into the 
filtered solution, and the yellow precipitate of orpiment thus 
thrown down to be dissolved in ammonia, adding an excess of 
the alkali. Cloths soaked in this solution become of a fine yel- 
low colour as they dry, the ammonia evaporating, and the orpi- 
ment being precipitated upon the cloth. 

1378. A Persulphuket of Arsenic, containing more sulphur 
than either of the preceding compounds, may be procured by the 
action of hydrosulphuric acid gas on a solution of arsenic acid. 
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Berzelius has pointed out another sulphuret of arsenic, in which 
one eq. of arsenic is combined with nine of sulphur. 

1379. Sesquichloride of Arsenic. Throw some metallic 
arsenic reduced to powder into a bottle of chlorine gas. The 
arsenic immediately takes fire, and a sesquichloride is formed. 
It may also be procured by distillation from a mixture of one 
part of metallic arsenic, witn six of bichloride of mercury. It 
is a liquid, very volatile, and fuming in air, formerly termed 
butter of arsenic , or fuming liquor of arsenic . 

1380. The compound procured by distilling one part of ar- 
senious acid with ten times its weight of sulphuric acid, adding 
newly fused common salt from time to time, is considered by 
Dumas as a chloride (protoclilorlde) of arsenic. 


CHAP. XII.— NICKEL, &c. 

Nymb. Ni. Eq. by W. 29.5. Sp. gr. 8.2 to 8.8. Tts fusing point 
is a little lower than that of manganese. It is attracted by the 
magnet. 

1381. This metal is not very abundant. It exists in most 
specimens of meteoric iron, but bhiefly in a reddish ore termed 
Kupfer-n icJcel, or copper-nickel. The metal may be procured 
from this ore by roasting it, by which sulphur and arsenic are 
expelled, mixing the residuum with twice its weight of black 
dux, and exposing it to a very high temperature. The nickel 
prepared in this manner is very impure, containing cobalt, cop- 
per, and iron. A purer nickel may be obtained by the follow- 
ing process, recommended by Dr Thomson. The Speiss em- 
ployed is an arseniuret of nickel , containing also cobalt, copper, 
antimony, sulphur, and some earthy matters. It is left at the 
bottom of the crucibles in which zaffre is prepared. 

1382. Reduce to powder a quantity of speiss, and boil it in 
diluted sulphuric acid till it is dissolved, adding small quantities 
of nitric acid from time to time to promote the oxidation ; a 
deep green-coloured liquid is obtained in this manner, containing 
sulphate of nickel in solution, which must be separated carefully 
from any insoluble matter that may be mixed with it, and 
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allowed to remain at rest for several hours, that arsenious acid 
may be deposited. It is then to be mixed with sulphate of po- 
tassa in solution, and crystals of sulphate of potassa and nickel 
formed by spontaneous crystallization. These must be dissolved 
in water, and a stream of hydrosulphurie acid gas is to be passed 
through the solution, to separate any copper which it may con- 
tain. Then boil the solution that remains, and precipitate the 
oxide of nickel along with any oxide of cobalt by potassa. 
Wash the precipitate, and pass a stream of chlorine through it 
while still moist and suspended in water ; the cobalt which it 
contains, and also a portion of the nickel, pass to the state of 
peroxide and are not dissolved, bitt the solution contains chlo- 
ride of nickel. Oxalate of aihmonia precipitates, after some 
time, oxalate of nickel : and, by heating this in a crucible, me- 
tallic nickel is obtained in the form of an ash-coloured powder. 
By exposing it to a very high temperature it is melted. 

1383. Nickel is of a white colour, with a fine metallic lustre, 
resembling silver. It possesses considerable ductility and mal- 
leability. It is not altered by exposure to air or water at ordi- 
nary temperatures. When heated to redness, it is oxidated, 
either in air, or in watery vdpour. The nitric and nitro-muriatic 
acids are the best solvents of this metal. Sulphuric acid has 
little action upon it, but combines readily with the oxide that is 
formed on adding a little nitri<J*acid. 

■ 1384. Nickel is an ingredient in the white copper of the 
Chinese, and in the composition now so much used called Ger- 
man silver. See Alloys. 

1385. Oxide of Nickel may be obtained by heating the 
nitrate or carbonate of nickel to redness in an open crucible. 
Its colour is grey, and the most of its salts have a green colour. 
It is precipitated as a hydrate by alkalis. Heated to redness 
the water k expelled. * 

1386. Peroxide of Nickel may be prepared by transmitting 
chlorine through water in which the oxide is diffused in fine 
powder ; a portion of this liquid is decomposed, the hydrogen 
combining with the chlorine, and the oxygen with part of the 
oxide of nickel, converting it into peroxide, which is left undis- 
solved. 

1387. Solutions of salts of nickel have a fine green colour, and 
give an apple-green precipitate with a solution of potassa. Am- 
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monia precipitates the oxide of nickel, and by an excess of this 
agent it is redissolved, forming a solution of a blue colour, Simi- 
lar to, but not so rich as that produced with copper. They are 
not precipitated by hydrosulphuric acid alone, but an alkaline 
hydrosulphate gives a dark-coloured precipitate. The ferro- 
cyanate of potassa gives a greyish-white precipitate. 


The following metals, usually classed along with those im- 
mediately preceding, being rarely ma*de the subject of experiment 
by the beginner, are very briefly noticed in this place. 

L388. Cadmium (Symb. Cd ; Eq. 55.8 ; Sp.gr. 8.6). Similar in 
appearance to tin, ductile and malleable ; volatilized a little above 
the boiling point of mercury, condensing in globules as it cools. 
Oxidated on exposure to beat and air, the oxide being fixed. 
Nitric acid is its best solvent. 

1389. Precipitated as a sulpliuret from solutions of its ores 
on acidulating them, and passing through them a stream of hy- 
drosulphuric acid. Nitric acid (iissolves the sulpliuret, and forms 
a solution from which the carbonated oxide may be precipitated 
by carbonate of ammonia. The carbonic acid may be expelled 
by a red-heat, and the oxide left affords cadmium by sublimation 
when heated with charcoal. 

1390. Molybdenum ( Symb . Mo ; Eq. 47.9 ; Sp. gr. 8.6). 

Very brittle, of a white colour, imperfectly fused, even with a 
very intense heat. Combines with oxygen in different propor- 
tions, forming oxides and an acid. ■ J 

1391. Prepared in general from the sulphuret of molybdenum, 
by digesting it in nitro-muriatic acid till it is resolved into 
molybdic acid, expelling sulphuric acid formed during this ope- 
ration by a sharp heat, and heating the molybdic acid afterwards 
in a smith's forge, having previously mixed it with charcoal in 
a very minute state of division. The oxygen of the acid is re- 
moved by the carbon as the metal is reduced. 

1392. Tungsten or Wolfram (S ymb. W ; Eq. 94.8 ; Sp. 
gr. 17). Tungsten is a brittle metal, having a greyish-white 
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colour, with considerable lustre, and great hardness. It burns 
whe# heated and exposed to the air, producing tungstic acid. 
Nitric acid produces the same compound. Prepared from tung- 
stic acid, by heating it powerfully with charcoal.- Tungstic acid 
is procured from the tungstate of lime by nitric acid and am- 
monia acting alternately, the former removing the lime, and the 
c latter dissolving the tungstic acid ; the ammonia is expelled 
subsequently by heat. 

1393. Vanadium (Stftnb. V. *Eq. 68.5) is usually obtained 
in the form jof a black powder, which assumes a greyish colour 
and feeble lustre when strongly compressed. Prepared with 
greatest facility from the vanadiate'of lead, as recommended by 
Professor Johnston. The ore fs dissolved in nitric acid, and 
the lead, along with any* arsenic that may be present, is preci- 
pitated by hydrosulphuric acid. The vanadic acid is at the 
same time reduced to an oxide, and the solution becomes blue 4 ; 
the vanadic acid is restored again, however, when the liquid is 
evaporated to dryness. By the*action of ammonia, vanadiate of 
ammonia is procured, and if a mass of hydrochlorate of ammo- 
nia be introduced so as to produce a saturated solution, vana- 
diate of ammonia is deposited, from wdiich the ammonia is ex- 
pelled by heat. Vanadium is then obtained from the acid by 
heating it with potassium, as Berzelius at first recommended, 
or more conveniently, by passing ammoniacal gas over the 
chloride of vanadium, metallic vanadium being left, hydrochlo- 
rate of ammonia formed (which may be expelled subsequently 
by heat), and nitrogen gas evolved, as part of the ammonia gives 
hydrogen to the chlorine and forms hydrochloric acid. 

1394. Uranium ( Syrnb U. Eq. 217*2. Crystalline texture , 
reddish-brown colour \ absorbs oxygen when heated in the open air). 
Procured from a dark-coloured mineral composed principally 
of oxides of uranium and iron. By digesting it in great ex- 
cess in nitric acid diluted with water, nitrate of the peroxide 
of uranium was procured in solution, the iron being left undis- 
solved. The properties of metallic uranium are very imper- 
fectly known. 

1395. Titanium ( Symb . Ti. Eq. 23.5). This metal, as pre- 
pared by Leibig, was procured in the form of a deep blue- 
coloured powder. He obtained it by passing over the chloride 
of titanium and ammonia a current of dry ammoniaca!* gas, 
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applying, after the atmospheric air had been expelled, as much 
heat as the glass tube containing the chloride would admit. 
Nitrogen gas is evolved, and hydrochlorate of ammonia is se- 
parated at the same time, the metallic titanium being left in the 
tube. 

1396. The chloride of titanium and ammonia is procured by 
exposing the bichloride ter the action of ammonia, when a large 
quantity of this gas is absorbed. The bichloride is formed by 
heating to redness titanium, or a mixture of titanic acid and 
Charcoal, and passing chlorine gas over it. 

1397. Titanium has attracted considerable notice in conse- v 
quencc of its being found in crystals in the slag from a number 
of iron-works. They are extremely hard, very infusible, and 
resemble in some degree, in many of the specimens I have seen, 
imperfectly crystallized bismuth. * 

1398. Tellurium (Symb. To. Eq.6 4.2. Sp.gr. G. 25). Brittle, 
lame Hated, of a highly metallic lustre, and a greyish-white 
colour with a shade of blue. Melts below redness, and vola- 
tilized by a higher temperature. Exposed to heat and air, it 
burns with a bluish green-coloured flame. With oxygen it 
forms two acids, the tellurous and telluric, and with hydrogen 
it produces a gaseous compound, the liydrotelluric acid, similar 
to the hydrosulphuric acid. 

1399. Tellurium occurs principally in combination with gold 
and silver. 

1400. Cerium (Symb. Ce. Eq. 4.6. White and brittle, vola- 
tilized by interne heat , and soluble in vitro-muriatic aAid.} Pro- 
cured from eerite and allanite, the principal minerals in which 
it has hitherto been discovered. 

1401. Columbium or Tantalum (Symb. Ta. Eq. 184.8). 
Colour grey, lustre metallic after compression, but usually ob- 
tained at first in the form of a black powder. Prepared by Ber- 
zelius on heating the fluoride of potassium and columbium with 
potassium, fluoride of potassium being then removed by water, 
and the columbium left. In most of its ores, it is combined 
with much oxygen, in the form of columbic acid, being also 
associated with yttria, iron, or manganese. By fusion with a 
fixed alkali, it is removed as a soluble columbate, the columbic 
acid being precipitated on the addition of a stronger acid. 



( :m ) 


II. COMMON METALS WHOSE OXIDES CAN BE RE- 
DUCED BY EXPOSURE TO HEAT WITHOUT 
INFLAMMABLE MATTER. 


CHAP. I— MERCURY (on QUICKSILVER). 

St/ mb. Hg. Kq. by W. 203. Sp. p r. 13.5. ft becomes solid at 
— 39.5°, and is volatilized at 650°. 

1402. Mercury occurs native, but is rare. It is procured from 
the ore termed native cinnabar , a bisulphuret. Mix four or five 
ounces of the native or prepared bisulphuret of mercury with 
an equal weight of lime or iron-filings, throwing an additional 
quantity of lime or iron over the mixture, and expose it for an 
hour or two to a dull red-heat *in an iron-retort, or in an iron- 
bottle with a bent gun-barrel or other iron-tube adapted to it. 
The sulphur is withdrawn by the iron or the lime, and metallic 
mercury is disengaged, being slowly volatilized, and condensing 
in drops in the iron-tube, the open extremity of which should 
be put into water. 

1403. This process may be imitated on a still smaller scale, 
by mixing twenty or thirty grains of the bisulphuret with as 
much iron-filings, and exposing them to heat in a glass-tube, 
holding the part containing the mixture in a horizontal posi- 
tion over a spirit-lamp, pr placing it on the top of a chauffer, 
and surrounding it with small pieces of charcoal. I find a 
chauffer with a piece cut out at the top of one of the sides ex- 
tremely convenient for performing a number of experiments 
like this on the small scale, the tube resting on the edge, and 
being supported within the chauffer by the fuel, and without, 
by a brick or piece of wood ; a figure of a tube placed in this 
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manner is given in the chapter on Tube- Apparatus. The tem- 
perature can be easily regulated ; if the mixture is to be ex- 
posed only to a moderate heat, it will be unnecessary to sur- 
round the tube with charcoal, but if it is to be subjected to a 
high temperature, then the tube must be coated in the manner 
described in par. 357, and completely covered with a mixture of 
small cinders and pieces of charcoal, and a chimney should be put 
over the chauffer (11.), which may be prolonged if necessary 
by another tube of nearly the same diapcieter fitted to the top. 
Thu size of the glass-tube must correspond with the quantity 
of materials used ; it need not be larger than the tufte employed 
for the reduction of arsenic, or it may be an inch in diameter, 
and ten or twelve inches long, yhe mixture should not occupy 
more than one or two inches of the sealed end of the largest 
size of tubes ; and the tube should always be ’placed in an in- 
clined position, so that any watery vapour which may be dis- 
engaged and condensed on the side may not fall back upon the 
hot part of the tube, otherwise it will be broken. 

When a very small quantity of materials is used, the metallic 
globules are not seen very distinctly at first, but if the matter 
that is sublimed be taken out and rujbbed gently on a dry plate 
with a piece of paper, metallic globules will become apparent. 

1404. When the materials are not well mixed, or when the 

heat is incautiously applied, a good deal of the bisulphuret is 
sublimed without decomposition, and is very apt to obstruct the 
tube, condensing principally a little way beyond the part to 
which the heat is applied. As serious accidents might take place 
from the accumulation of vapour when there is no opening by 
which it may escape, the student cannot be too cautious in 
attending to this circumstance in making experiments of this 
kind, especially in narrow glass-tubes ; when the temperature, 
however, is sufficiently high to soften the glass, no danger need 
be apprehended, as the glass will then be slowly blftwn out by 
the vapour within, till some part of it gives way and allows it to 
escape. # 

1405. An iron-tube closed at one end by welding, as a piece 
of a gun-barrel, or an earthen tube closed with some clay or 
piaster of Paris, may be used instead of a tube made of glass. 

1406. In this process, supposing iron alone to be used, it com- 
bines with the sulphur of the bisulphuret of mercury, forming 
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sulphuret of iron, while metallic mercury is disengaged. T-he 
following diagram gives the most probable view of the atomic 
proportions in which the materials act upon one another, though 
I am not aware that this has been minutely examined. 


Fig. 200. 

Before Decomposition. After Decomposition. 

„ n . .. . „( Mercury 203 — 203 Mercury. 

235.2 Rsulphuret of } Sulllu ' 1M 

Mercur y ( Sulphur 16.1^\^ 

Iron ! 28 — 44. 1 Sulphuret of Iron. 

Iron 1 . . . 1 . 1 ....... 28___^ 44.1 Sulphuret of Iron. 

* * Symb. S 2 Hg & 2 Fe = Ilg & 2 SFe. 


1407. Metallic mercury beijig frequently adulterated with a 
considerable quantity pf other metals, such as lead, tin, zinc, 
and bismuth, it will be necessary to attend to the characters 
by which it may be distinguished when pure, and the method 
of purifying it from any foreign matter with which it may be 
adulterated. 

1408. Pure mercury has a bright white metallic lustre, and 
appears extremely mobile when poured from one vessel to an- 
other or thrown upon a ley el surface, the globules in the latter 
case being round, having a very high edge, and being easily 
divided into a number of smaller globules, all of which appear 
equally mobile. It does not tfirnish on exposure to the air, no 
film collects on its surface when shaken in a bottle, and, when 
exposed to heat, it is completely volatilized. 

1409. When mercury has acquired a crust of oxide from the 
action of acid fumes, or when a quantity of dust has collected 
on its surface, it is easily purified by folding a piece ot writing- 
paper into a cone, leaving a small aperture at the bottom about 
the size of the point of a pin, or a little largeY, and pouring the 
mercury into this cone, supported in a glass-funnel ; the pure 
mercury {fosses through in a very slender stream, and the greater 
portion of the dust and^xide remains on the sides of the cone. 
A small quantity of mercury always remains at the bottom of 
the cone ; it should not be forced through and mixed with the 
rest, but should be set aside by itself or with other portions of 
impure mercury. When a large quantity of mercury is to be 
filtered in this manner, fresh portions should be poured into the 
filter from time to time, before what has already been „put in 
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ceases to drop, otherwise part of the dust or oxide is forced 
through along with the mercury. The vessel into which the 
mercury is received should be perfectly dry, otherwise it may 
not appear so pure as it really is, moisture preventing the globules 
that first fall through from coalescing so easily together. 

1410. If the mercury be adulterated with any of the metals 
we have mentioned, it has not that bright metallic appearance 
which pure mercury always presents, a film soon collects on its 
surface, and another appears whenever this is removed. It is 
i\ot nearly so mobile as pure mercury ; when a small quantity 
is thrown on a flat surface, it does not divide so readily into 
globules, and they are net. so round, but have an irregular ap- 
pearance, and their edges, instead of being high and prominent, 
are nearly on a level with the surface on which they rest. When 
it is loaded with impurities, it presents more the appearance of 
a soft solid than of a liquid. 

L41I. To separate these, the usual process is to distil it in 
an iron-bottle with a bent iron-tube adapted to it. The Edin- 
burgh College directs the mercury to be mixed with a sixth 
part of its weight of iron-filings, and the mercury is obtained 
in a purer state in this manner tkan when it is distilled with- 
out any admixture. The effect of the iron in this process is 
not very well Understood ; it has no great affinity for any of 
the other metals with which mercury is usually adulterated. 
Perhaps it acts principally by allowing the mercury to be con- 
verted more easily into vapour, and in smaller quantities at a 
time, lessening the risk of any being -carried over mechanically 
during the ebullition ; it is known that water and other liquids 
can be made to boil several degrees below their usual boiling 
point, in glass or porcelain vessels, by introducing some pieces 
of wire or other solid matter, and that thus a constant stream 
of vapour may be made to arise feom them, instead of the liquid 
entering only occasionally into a state of violent ebullition, and 
then ceasing for a short time to give, any more vapour, till it is 
produced again with violence as before. Advantage is taken 
of this in the distillation of impure sulphuric acid, and it is pro- 
bable, that, in the distillation of impure mercury, the other 
metals which arg mixed with it may have a greater tendency to 
pass over, either in vapour or mechanically suspended, when the 
distillation is conducted without the assistance of the iron-filings. 



394 METHOD OF PURIFY! NO MERCURY.* 

Dr Faraday recommends copper-filings to be mixed with the 
iron-filings. 

1412. In all cases the distillation should be conducted with 
a very gentle heat, and the materials should never fill more 
than a third of the retort or bottle in which it is carried on ; 
the extremity of the tube should be made to dip under water, 
/md ought to be taken out when the* last portions of mercury 
have passed over. For distilling large quantities of mercury, 
one of the iron bottles *in which ‘it is sold will do extremely 
well, fitting a bent gun-barrel accurately to it by grinding, ft 
mdfy be heated by an open fire, placing it on a piece of brick 
or on several bars of iron laid across each other, to raise it an 
inch or two above the grating, surrounding it about half-way 
up with burning fuel (a mixture of charcoal and cinders should 
be used), and taking care to moderate the heat whenever it be- 
gins to boil. 

1413. Iron-filings, as they arc usually procured, are mixed with 
a little oil ; this is decomposed during the distillation, and a small 
quantity of an empyreumatic oil passes over with the metallic 
mercury and condenses in the water, often preventing the glo- 
bules from uniting together, so that they assume the appearance 
of a soft solid. When this takes place, the water should be 
poured off and a small quantity of a solution of caustic potassa 
be poured over them ; this removes the oil, and on washing them 
with water, they readily unite, after which they should be passed 
through a paper filter (1409). 

1414. Though mercury is obtained sufficiently pure for or- 
dinary experiments by distilling it cautiously in the manner that 
has been described, still it frequently contains a small portion 
of zinc. This may be removed by shaking it with diluted nitric 
acid in a bottle, and then pouring both into a plate, where they 
may be left ^together for a few days, after which the mercury 
must be washed and filtered as before ; the acid may be diluted 
with ten or twelve parts of water. 

1415. When only a small quantity of mercury is to be pu- 
rified, as an ounce or a pound, Dr Priestley’s method will be 
found most convenient. It consists merely in shaking the mer- 
cury briskly in a bottle capable of containing fjpur or five times 
its bulk, blowing into it occasionally with bellows to renew the 
air, and continuing till a black matter gathers together, which 
may be easily separated from most of the metallic mercury by 
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a paper funnel ; after this, it should be returned again, and the 
operation should he repeated till no more oxidation takes place, 
when the mercury becomes extremely clean and mobile, the 
brightening taking place all at once as the last portions of the 
other metals are oxidated. 

1416. A tolerably pure mercury may be obtained by distilla- 
tion in an earthen retort from a mixture of two parts of arti- 
ficial cinnabar, and one of iron-filings, at a heat approaching to 
redness. 

1417. Oxide or Protoxide of Mercury, called also Black 
or Ash-Coloured Oxide of Mercury. ( Symb . OHg, or *Hg. Eq. 
by W. 211 = 0.8 + 203 Hg.) This compound is prepaid most 
easily by mixing calomel (chlorj.de of mercury) with a solution 
of potassa in a mortar, rubbing them together for a quarter of 
an hour or twenty minutes, and taking care to have an excess 
of alkali, that the decomposition may be complete. For every 
equivalent of the chloride employed, a corresponding quantity 
of fused potassa may be taken and dissolved in two or three 
ounces of water, allowing the sofution to stand till it becomes 
clear, when it may be decanted for use. A slight excess of al- 
kali is preferred, so that no chloride may be left undecoQiposed. 
Hydrochlorate of potassa remams in solution, and the oxide may 
be separated by filtration, washing it with cold water, and keep- 
ing it in a dark place, as it soon begins to be decomposed on ex- 
posure either to heat or light, one portion losing oxygen, which 
combines with another, so that small quantities of metallic mer- 
cury and binoxide of mercury are then, found to be mixed with 
the oxide. 

1418. Instead of using a solution of potassa, the Edinburgh 
College prepare their oxide from chloride*- of mercury (formerly 
called Submuriate of Mercury) by lime water. The same re- 
action takes place as when potassa is used ; half an ounce of 
the chloride may be used with every five pounds of lime water, 
boiling them together for a quarter of an hour after rubbing them 
together in a mortar ; a small quantity of the lime water should 
be mixed at first with the dry powder, that it may be quickly 
moistened. Hydrochlorate of lime remains in solution, and the 
oxide must be washed on a filter with distilled water ; the fol- 
lowing diagram shews more precisely the nature of the re- 
actior. 
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1419. The oxide of mercury may be obtained 'also by adding 

a solution of potassa or soda to a solution of the nitrate of mer- 
cury ; the alkali unites with the acid, while the oxide is preci- 
pitated. * 

1420. By triturating metallic mercury with chalk, manna, su- 
gar, lar^l, and a number of vegetable and animal substances, the 
metallic globules disappear, and a mass is obtained of a dark 
colour ; many consider* the metallic mercury to be merely re- 
duced to a very minute state of division in this manner, while 
others affirm thq£ it is at the same time oxidated. Some expe- 
riments by Mitscherlich support the opinion that the mercury is 
in general merely in a minute state of division. Mr Phillips 
mentions that the mercury which is prepared with chalk con- 
tains a small portion of the binoxide of mercury. 

142^ When the oxide of mercury is quite pure, it has a dark 
colour, and is completely dissolved by acetic acid, but is quite 
insoluble in hydrochloric acid. It is very readily decomposed. 

1422. Binoxide or Peroxide of Mercury, termed more fa- 
miliarly Red Precipitate. ( Syrnb . 0 2 Hg, or :Hg. Eq. by W. 
219 = 0.16 + 203Hg.) This substance may be obtained by dis-_ 
solving three parts of metallic mercury in four of diluted nitrous 
acid (made by mixing equal weights of water and the strong 
acid prepared in the manner described in par. 191), evaporating 
the solution to dryness, and then reducing it to powder and ex- 
posing it to a stronger heat in an evaporating basin over a good 
chauffer, till it assumes a. deep red colour. It should be covered 
by a flat piate, which may be removed from time to time to al- 
low the progress of the decomposition to be .observed ; a large 
quantity of ruddy fumes are disengaged, which cease to come 
when all the powder has acquired a dark colour, after which it 
must be removed from the fire, otherwise it is resolved into me- 
tallic mercury and oxygen gas. As it cools, it assumes a bright 
red colour, and the lowest portion is usually obtained in the form 
of brilliant scales, this appearance depending probably on the 
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pressure of the superincumbent mass,* as it is always seen more 
distinctly the larger the quantity of binoxide prepared. 

1423. In this process, the metallic mercury decomposes part 
of the nitric acid, and is converted into binoxide of mercury, 
which combines with the remainder of the acid, so that the dry 
mass which is obtained in the first stage of the process is a com- 
pound of nitric acid and the binoxide of mercury. The ni- 
tric acid is afterwards almost entirely expelled, being resolved 
by the heat into nitrous acid and oxygen gases. The quantity 
of nitric acid that remains in combination with the binoxide is 
extremely small. 

1424. Another method of preparing binoxide of mercury 

consists in exposing metallic mercury to air at a temperature be- 
tween 500* and 600°, when it combines slowly with oxygen and 
is converted into red scales ; these were formerly called Preci- 
pitate per se, and are larger than those procured by the decom- 
position of the nitrate ; they have not the same shining appear- 
ance, however, and, not containing any nitric acid, they are not 
so acrid. As upwards of a fortnight is required to prepare a 
few grains of binoxide in this manner, it is a process that is sel- 
dom resorted to. ♦ 

1425. Binoxide of mercury may also be obtained, according 
to the formula of the London College, by the action of a solu- 
tion of potassa upon the bichloride of mercury, two eqs. of hydro- 
cldorate of potassa remaining in solution for every eq. of bin- 
oxide precipitated. 

1426. Binoxide of mercury is occasionally adulterated with 
oxide of lead, which may be easily detected by exposing it to 
heat on charcoal before the blowpipe. If the binoxide be pure, 
it is completely dissipated, oxygen gas being disengaged, and 
the metallic mercury being volatilized ; if, however, any oxide 
of lead should have been mixed with It, a globule of metallic lead 
remains on the charcoal. If it be purchased in the form of 
scales, it is generally obtained perfectly pure, and any foreign 
admixture can often be easily detected by bare inspection, but 
when it has been reduced to an impalpable powder, it may then 
be suspected to have been adulterated. 

1427. Many tests have been proposed Jpr detecting mercury 
in solution ; the more important of these are mentioned in the 
succeeding paragraphs. 
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1428. One of the most delicate tests is that proposed by Mr 

Sylvester. A drop of the liquid suspected to contain it is to be 
placed on a piece of gold-leaf, or any piece of solid gold, and 
the point of a nail, or penknife, or of any small piece of iron, is 
to be placed in contact with the moistened surface ; if any mer- 
cury be present, the gold immediately becomes white where it 
is touched by the other metal, uniting with the mercury, and 
forming a solid amalgam, which retains its white colour after 
the fluid has been wiped off. * 

1429. Mr Smithson’s mode of operating consists in immersing 
a gold plate or ring in the solution, after adding a few drops of 
hydrochloric acid to it, and putting a piece of tin foil round the 
gold ; the mercury is immediately deposited on the gold, and, 
on exposing the gold to heat, it regains its original colour, the 
mercury being volatilized. Orfila has observed, however, that 
all these appearaftces may be obtained by operating in the man- 
ner described, with solutions containing no mercury, pail of the 
tin being dissolved by the acid? and afterwards precipitated upon 
the gold, communicating a white stain which disappears on the? 
application of heat ; and though the precipitate may be distin- 
guished by strong hydrochloric acid, which dissolves tin but not 
mercury, he considers it better to heat the gold in a small glass- 
tube, when any mercury that may have been precipitated upon 
it is volatilized, and condenses in globules in the upper part of 
the tube. Mr E. Davy has employed platinum and zinc to de- 
tect mercury in solution, proceeding in the manner described in 
1084, page 312, for the detection of lead. 

1430. Put a piece of bright copperplate into a solution of any 
salt of mercury ; part of the copper is dissolved, combining with 
the oxygen* of the oxide of mercury, and with the acid with 
which it was previously, united, while an equivalent quantity of 
metallic mfercury is precipitated ; part of the metallic mercury 
amalgamates with the copper, and, when the copper is intro- 
duced into a solution of bichloride of mercury, a portion of 
chloride of mercury is also thrown down. 

1431. Immerse a plate of tin in a solution of the bichloride 
of mercury ; it is immediately tarnished, mercury being depo- 
sited upon it. Wher^the surface is scraped with a knife, and 
the scrapings are heated in a tube, metallic mercury may be 
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obtained, even when a very small quantity has been precipitated 
upon the tin. 

1432. Add a solution of the chloride of tin to a solution of a 
salt of mercury ; a grey-coloured precipitate is thrown down. 
After washing it repeatedly with boiling water, and drying and 
heating it gently, metallic globules of mercury are seen, unless 
the quantity should be very minute, and then they may in> 
general be made to appear by heating the precipitate in a tube, 
so as to volatilize the mercury, which Condenses in a cold part 
o '( thd tube. 

1433. Add potassa in solution to a solution of a salt of mer- 

cury ; oxide of mercury is* immediately precipitated. If the 
mercury in the liquid shall ha?e been in the form of oxide, the 
precipitate is of a dark colour, but wheh it contains the binoxide 
alone, the precipitate is yellow or red. Collect the precipitate 
qn a filter, dry it, and expose it to heat at the bottom of a small 
test-tube over a spirit-lamp, when, globules of metallic mercury 
are seen. . * * 

1434. Put a small quantity of a solution of a salt of the oxide 
of mercury into a glass, and fill it up with lime water ; oxide of 
mercury will be immediately thrdwn down, and give a dark 
colour to the liquid. 

1435. Into another glass, piijt a similar quantity of a solution 

of a salt of the binoxide of mercury, and add lime water as be- 
fore ; a yellow precipitate appears, which becomes red, and af- 
terwards again appears yellow as the lime water continues to be 
added. * 

1436. Add some hydrosulphate of ammonia to a diluted so- 
lution of a mercurial salt ; a copious black precipitate is thrown 
down, consisting of sulphur and mercury*, probably in combina- 
tion with water. 

1437. If a stream of hydrostflphuric acid ga& be passed 
through a solution containing mercury, the precipitate that is 
thrown down at first consists of sulphuret of mercury, and of 
mercury united with the acid, or other solvent of the mercury, 
in the solution employed (Rose). The precipitate is white at 
first, as when a* solution of the bichloride of mercury is acted 
upon, but it becomes black when a sufficient quantity of the gas 
is passed through it, all the mercurial compound at first precipi- 
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tated in combination with the sulphuret being at length entirely 
decomposed. 

1438. A solution of the ferrocyanate of potassa gives a white 
precipitate with salts of mercury. 

1439. Hydrochloric acid and solutions of the hydrochlorates, 
added to salts of the oxide, give a white precipitate, composed of 

« chloride of mercury. 

1440. All the salts of mercury are completely decomposed 
or volatilized by exposuie to a dull red-heat, and metallic mer- 
cury may be obtained by heating them with a little potassa or 
soda in a glass-tube. 

1441. In examining mixed fluids’ suspected to contain bi- 
chloride of mercury in solution, £s in cases of poisoning, it must 
be recollected that manj' vegetable and animal substances de- 
compose bichloride of mercury, combining both with chlorine 
and mercury, and forming a peculiar combination which is pre- 
cipitated. Dr Christison, in his treatise on poisons, gives a de- 
tailed account of the more important circumstances known in 
regard to this decomposition, and has proposed the following 
method of operating with precipitates such as these, a mode 
which ought always to be reported to when the suspected solu- 
tion, on the addition of chloride of tin, gives no precipitate, or 
a very feeble one, indicating the, presence of mercury in the li- 
quid in which they are contained. 

1442. Remove all fibrous vegetable matter from the liquid, 
as pieces of seeds and leaves ; then add a solution of the chlo- 
ride of tin (protochloridfe), as long as any precipitate or coagu- 
Ium is formed. Drain it on filtering paper, and remove it while 
still moist, taking care not to carry along with it any fibres of 
the paper ; boil it in ai glass-flask with a moderately strong so- 
lution of potassa till the solid matter disappears, and allow the 
solution to remain at rest, that any heavy greyish-black powder 
may fall down, which soon appears should there have been any 
mercury present. It is composed of metallic mercury, and 
should the globules not be seen distinctly, they may be obtained 
by washing and drying the precipitate, subliming it afterwards 
in a tube. 

1443. Should the mixed liquid under examination, however, 
give a very distinct greyish-black coloured precipitate with the 
chloride of tin, a different process may be resorted to. Agitate 



SALTS OF MERCURY, 


401 


it for a few minutes with one-fourth part of its volume of sul- 
phuric ether ; it removes any bichloride which the liquid may 
contain, and rises soon to the top, from which it may be re- 
moved by a pipette. Evaporate to dryness, and dissolve in 
water ; the appropriate tests now indicate the bichloride in so- 
lution. 

1444. Among the animal substances which decompose bi- 
chloride of mercury, albumen is pre-eminently distinguished, 
and is the antidote recommended in eases of poisoning by this 
substance. 

Salts of Mercury ; Chedrides, Iodides, and Sulphurets 
of Mkroury, &c. 

0 

144 5. Nitrate of Mercury (protonitrate) may be obtained 
by digesting metallic mercury for a short time with a very gentle 
litfat in diluted nitric acid (prepared by* mixing one part of acid 
with four of water), allowing the mixture to evaporate spon- 
taneously, and adding a small jfortion of metallic mercury if 
the quantity first employed should be completely dissolved. 
The crystals procured in this niamyer must be separated from 
the acid liquid and the mercury mixed with it. They are 
soluble in a small quantity of water, but much water decomposes 
the nitrate. A portion of bincfxidc of mercury is very apt to 
be formed during the preparation of this salt, and, according to 
some authors, a portion of subnitrate is produced, when it is 
attempted to saturate any excess of acid by a great excess of 
mercury. Mitscherlicli affirms that the salt usually termed nitrate 
of mercury is a dinitrate. 

1446. Pernjtiiate of Mercury is pbtained by heating 
metallic mercury in an excess of strong nitric acid, a large 
quantity of binoxide of nitrogen gas being disengaged ; crystals 
are deposited as the liquid cools. These crystals were consi- 
dered to be composed of two equivalents of acid .and one of bin- 
oxide, but, from some recent investigations, only one equivalent 
of acid appears to be combined with the binoxide. It has been 
found that the action which takes place between nitric acid and 
mercury is mucli more complicated than had been generally be- 
lieved, and new combinations have been lately pointed out. 

14^7. In preparing nitrate of mercury for different purposes, 
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great attention must be paid to the strength of the acid employ- 
ed, the temperature to which the mixture is exposed, and the 
relative proportions in which the acid and the metal are mixed 
together, as all these circumstances have an important influence 
upon the oxidation of the mercury and the nature of the resulting 
salt. If the acid be strong, and a larger quantity be employed 
than is necessary to dissolve the mercury, and the solution be 
assisted by heat, the mercury always attracts two equivalents 
of oxygen, and binoxide of mercury is obtained in combination 
with nitric acid ; but when the acid is diluted with three or four 
parts of water, the solution allowed to go on at natural tempera- 
tures, or assisted only by a very gentle heat, and more mercury 
is used than the acid can dissolve, the oxide is obtained, which 
unites with a smaller quantity of acid. 

1448. Bipersulphate of Mercury or Bisulphate of the 
Binoxide, is prepared by boiling two parts of njetallic mercury 
to dryness with two and a half of sulphuric acid, exposing the 
mixture to heat in a porcelain evaporating basin over a common 
fire. On the small scale, an ounce of mercury with the proper 
quantity of acid may be boiled to dryness over a common fire 
or good chauffer, taking care to avoid the fumes that are evolved, 
not to boil the mixture violently, otherwise a quantity of the bi- 
sulphate will be thrown out, and to remove It from the fire when- 
ever it is dry. It is obtained ih the form of a white crystalline 
powder when well prepared, perfectly dry, and not deliquescing 
on exposure to the air. The following diagram represents its 
composition and the theory of its formation ; one portion of the 
sulphuric acid affords oxygen to the mercury, and sulphurous 
acid is disengaged, while the greater part of the acid unites with 
the binoxide, the exocss being dissipated along with the sulphu- 
rous acid, and producing pungent suffocating fumes. The water 
that is combined with the pommon sulphuric acid is not repre- 
sented, but it will be recollected that 49.1 of common sulphuric 
acid, properly concentrated, contain 40.1 of dry acid and 9 of water. 


Before Decomposition. 
in A«M } Sulph. Acid 32.2- 
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After Decomposition. 
32.2 Sulphurous Acid. 
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Four equivalents, accordingly, of sulphuric acid are required 
to convert one equivalent of mercury into bipersulphate, two of 
these affording oxygen to the metal, while the other two com- 
bine with the binoxide as it is formed. An excess of sulphuric 
acid is recommended, as a portion is always lost by evaporation ; 
and should the operator find that a portion of metallic mercury 
remains in the salt procured* more sulphuric acid must be added, 
and the heat must be continued as before. This is an example 
of one of those numerous cases in whiclj. much more of one of 
tha ingredients is used, than is either decomposed or brought 
into combination in the required product, not only to make up 
for any unavoidable loss, but also to present a larger surface as 
it were, that the action may proceed more speedily from the 
greater number of points of contact. TJic proportion of the in- 
gredient in excess, it must be also remarked, is varied according 
to the composition of the product that may be required. 

•1449. Mix 299.2 grains of the bipcrsulphate of mercury with 
203 of metallic mercury, and rub them intimately together in 
a mortar ; the metallic mercury fs supposed to divide the oxy- 
gen and acid in the bipersulphate with the 203 parts of mercury 
which it already contains, and 502.2f>arts of Sulphate of Mer- 
cury (Sulphate of the oxide) are obtained, the different mate- 
rials arranging themSelves in the manner represented in the an- 
nexed diagram. • 


Fig. 209, 

Before Decomposition, 

203 Mercury, 203 

f Oxygen 8. 


299.2 Bipersulphate 
of Mercury, .... 


Sulph. Acid 40.1 

Oxygen 8 

I Sulpli. Acid 40.1. 
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After Decomposition, 

.251.1 Sulphate of Merc. 


JB51.1 Sulphate of Mercury. 


In this manner, the sulphate of. mercury is procured more 
conveniently for the preparation of calomel, the purpose to which 
it is usually applied, than by the action of sulphuric acid heated 
gently with metallic mercury. 

1450. Throw half an ounce or an ounce of the bipersulphate 
of mercury, heated to the temperature of 400° or 500°, into five 
or six pounds of boiling water, in a large glass-flask or earthen 
basin. Ayellow-coloured precipitate is immediately thrown down, 
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which has been regarded as a compound of one equivalent of 
sulphuric acid and one of the binoxide of mercury, another por- 
tion of the binoxide remaining in solution with an excess of 
acid. The annexed diagram gives a precise view of the nature 
of the reaction, supposing the salt that remains in solution to 
contain only one more equivalent of acid than the bipersulphate. 
The yellow-coloured precipitate is usually termed Subsulphate 
of Mercury, or Turpeth Mineral. 

Fig. 210. 

Before Decomposition. After Decomposition. ' 

*209.2 Biper- *1 Sulphuric Acid 40.1 ---^£39.3 Terpersulph. of Merc. 

sulphate of } Sulphuric Acid 40. 

Mercury (Binox. ofMer. 219-^"JV' " 

299.2 Biper- ( Sulphuric Acid 40. 

sulphate of -J Sulphuric Acid 40.1^_^^ 

Mercury (Binox. of Me/. 21 9__HTrr^=^259.1 Persulphate of Mercury. 

According to Phillips, Turpeth mineral consists of 3 eqs. of 
acid and 4 of binoxide of Mercury. 

It should be washed repeatedly with water on a filter, and 
then set aside to dry. 

1451. Sulphuret of Mercury ( Symb . SHg. Eq.by W. 219.1 
= S.16.1 +203 Hg). This compound is precipitated of a blackish 
colour, when hydrosulphuric acid gas is passed through a solu- 
tion of nitrate of mercury, or through water containing chloride 
of mercury suspended in fine powder. 

1452. Prepare a portion of the Black Sulphuret of Mer- 
cury by rubbing together equal weights of mercury and sulphur 
till the globules disappear. It is frequently called Ethiops Mi- 
neral , and is a mixture of sulphur and bisulphuret of mercury. 
(Brande.) 

1453. Bisulphuret of Mercury or Artificial Cinnabar 
(Symb. S 2 Hg. Eq. by W. 235.2 = S.32,2 + 2.03 Hg). The com- 
mon method Of preparing this compound is by melting 40 parts 
of sulphur in an iron cup over a chauffer, and adding 200 of 
metallic mercury, stirring constantly with an iron rod till the 
mixture has assumed a uniform appearance, and taking care to 
apply only a moderate heat, to prevent it from taking fire ; the 
mixture is extremely apt to take fire when the heat is too great, 
and the iron cup must be covered when this takes place, re- 
moving the chauffer for a short time. It must afterwards bo 
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reduced to powder, and sublimed in a close vessel. Eight parts 
more of sulphur are recommended to be taken than is absolutely 
necessary to convert the metallic mercury into bisulphuret, to 
make up for a portion of sulphur which is always lost. The sub- 
limation should be conducted slowly. The bisulphuret con- 
denses in a crystalline cake having a radiated appearance. A 
small quantity may be easily sublimed in a tube, conducting the 
operation in the manner described in 1403. 

1454. When salts that contain bino^de of mercury are de- 
composed by an excess of liydrosulpliuric acid, the precipitate 
that is obtained, when complete decomposition lias bden effected 
(sec par. 1437), has a dark, colour, and may be regarded as a 
compound of bisulphuret of mejeury and water, as it presents 
the same appearance as the bisulphuret # of mercury when dried 
and sublimed in the usual manner. According to this view, 
two equivalents of liydrosulpliuric acid arc required for every 
equivalent of binoxidc decomposed, reacting on it probably in 
the manner presented in the following diagram. 


Fig. 21). 
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1455. Bisulphuret of mercury is sometimes adulterated with 
red lead or chalk, either of which may be easily detected by 
exposure to heat on thin pieces of iron or copper, the pure bi- 
sulphuret being volatilized, while the chalk or oxide of load re- 
mains, the latter losing apportion of its oxygen and being con- 
verted into yellow oxide of lead. • When the bisqjpliuret of 
mercury is reduced to a fine powder, it presents a very beauti- 
ful colour, and is well known in this form by the name of Ver- 
milion. Chevallier pointed out, that, in Paris, sugar confec- 
tionary was frequently coloured with bisulphuret of mercury and 
other deleterious ingredients, a practice that has been stopped 
there, in consequence of a report from the Council of Health. 
Dr O’Shaughnessy has lately extended the investigation of this 
subject to our own country, and has shewn that the same means 
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are frequently resorted to in London for colouring confectionary, 
and has pointed out minutely the method of detecting the pre- 
sence of the poisonous matters that are generally used. — Lancet , 
vol. ii. 1831-32. 

1456. Djpercarbonate of Mercury is formed when a solu- 

tion of the carbonate of potassa is added to a solution of the 
pemitrate of mercury. «■ 

1457. Expose a small quantity of the precipitated dipercarbo- 

nate of mercury to hcqt in a tube over a spirit-lamp ; carbonic 
acid and oxygen gases are disengaged, and small globules of me- 
tallic morcliry soon appear a little above the part of the tube 
that is held over the flame. t . 

1458. Acetate of Mercury is easily prepared according to 
the process of the Edinburgh College. Three parts of mercury 
are to be dissolved in four and a half of their diluted nitrous 
acid (composed of equal weights of water and the strong fuming 
acid obtained in the manner described in 191), and the solutRm 
must be added to an equal weight of the acetate of potassa dis- 
solved in thirty -two times its weight of water ; nitrate of potassa 
remains in solution, and acetate of mercury is deposited in small 
crystals as the liquid cools.f, 

FJg. 212. 

Hr fore Decomposition. After Decomposition . 

98.68 Acetate of 1 Potassa 47.2 __^101.4 Nitrate of Potas. 

Potassa {Acetic Acid 51.48^^ 

265.2 Nitrate of j Nitric Acid 54.2^ >< C^^ 

Mercury { Oxi do of Mercury ... 2 1 1 -^>^.262.48 Acetate of Merc. 


In preparing the nitrate, the usual precautions must be taken 
to prevent the formation of binoxide of mercury. 4 * 

1459. A compound of Binoxide of Mercury and Acetic 
Acid may be produced by digesting the binoxide in acetic acid. 

1460. Fulminate of Mercury, or Fulminating Mercury , as 
it is usually termed, is prepared by mixing with alcohol perni- 
trate of mercury dissolved in an excess of acid. For this pur- 
pose, 100 grains of mercury may be digested with an ounce and 
a half by measure of strong nitric acid in a Florence flask till 
they are dissolved. The solution, after it has been allowed 
to cool a little, is to be added in small quantities at a time to 
two ounces of alcohol in another flask ; exposing it afterwards 
to a very gentle heat over a lamp or chauffer, should this be 
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necessary, till white fumes begin to appear. If the action should 
proceed very violently, it must be moderated by adding a little 
alcohol ; and if it do not commence sqon after the mixture is 
exposed to heat, a few drops of strong nitric acid, poured in by 
a pipette, will soon cause the white fumes to appear. These 
fumes are extremely heavy, and may be poured from one vessel 
to another, or through a funnel ; their composition has not been 
minutely examined ; they contain a large quantity of nitric ether 
in vapour. 

1461. Dr Ure lias remarked, that there may be considerable 
latitude in the proportion of materials employed, Gay Lussae, 
Aubert, and Pellissier recommending 12 of nitric acid, and 12 
of alcohol (by weight) to 1 of mercury, while Mr Howard, who 
discovered this compound, used the annexed proportions. 


Mercury, 100 

Nitric Acid, specific gravity 1.3, measured ounce, . 884 

Strong alcohol, 2 measured ounces, .... 750 

Dr Ure prefers the following proportions, 

Mercury, 100 

Nitric Acid, 1.35, 950 

Alcohol, 0.835, 850 


These, he remarks, afford about 120 of a perfect fulminate, 
and the supernatant fluid does hot retain more than 5 grains of 
mercury . — Royal Listit. Journ. i. 140. 

1462. When the reaction has ceased, a quantity of a white 
crystalline powder is found to have beeq deposited, which is the 
fulminating mercury ; it must be washed on a filter with water, 
and allowed *to dry by exposure to the open air. It should 
never be put into a bottle with a ground ^topple, as it detonates 
by friction and percussion, but should be merely folded in a 
piece of paper, and kept in a widq-mouthed phial with a cork 
fitting loosely to it. The fulminic acid in this compound is 
formed by the decomposition of part of the nitric acid and the 
alcohol, the nitrogen being derived from the acid and the carbon 
from the alcohol. 

1463. Place ten or twelve grains of fulminating mercury on 
a block of iron, and touch it with a red-hot wire ; it imme- 
diately detonates with a quick but not a sharp or loud report, 
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and a bluish- white flame, its elements being separated from one 
another. It may be detonated also by striking it with a hammer ; 
it is the basis of the detonating mixture employed for the anti- 
corrosive percussion caps. 

1464. If two or three grains be put into a dry Florence flask, 
to which a brass cap and stopcock have been fitted, and ex- 
posed to heat over a spirit-lamp after the air has been exhausted 
as completely as possible, a flash of light will soon be perceived, 
but no report is heard, and metallic mercury is deposited on the 
inside of the flask. The utmost caution is required in performing 
this experiment, for, if the air of the apparatus be not exhausted, 
or the quantity of fulminate be too great, a loud explosion takes 
place, and the flask is blown to t pieccs. Seven grains of fulmi- 
nating mercury were found sufficient to produce this effect when 
the flask had been exhausted of air as completely as possible. 
Fulminate of mercury is employed in the preparation of deto- 
nating match powder. TOO grains of fulminate, 30 of wat6r, 
and 60 of gunpowder, when well mixed together on marble with 
a wooden muller, afford a quantity of this powder sufficient to 
mount 400 detonating caps. 

1465. Chloride of Mercury or Calomel, formerly called 
Sub muriate or Mild Muriate of Mercury. ( Symb . Cl Hg*. Eq. by 
W. 238.5 Cl 35.5 + 203 IJg.) This important compound may 
be easily prepared from the bichloride of mercury, the sulphate 
of niercurv, or the nitrate of mercury. 

1466. When the bichloride is employed for this purpose, every 
equivalent (274) must J>e mixed wit 1 i an equivalent of mercury, 
rubbing them together in a Wedgwood's mortar, and continuing 
till the metallic globules of the metal completely disappear, and 
the mixture is converged into an ash -grey-coloured powder. It 
should be turned over from time to time with a spatula, when it 
appears to cake together at the bottom of the mortar, and great 
care must be taken to avoid the small particles of the bichloride 
that are carried up at first when it is reduced to powder, as they 
are extremely deleterious; a few drops, of water added to the 
mixture prevent these particles from being disengaged, and fa- 
cilitate the action of the mercury on the bichloride. 

1467. The grey-coloured mass must then be exposed to heat 
in a subliming apparatus. When a few ounces of materials are 
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used, a retort with a short and wide neck will perhaps be the 
most convenient apparatus for the student, heating it over a 
chauffer, of by placing it in a sand-bath. The calomel con- 
denses in the neck after it has been converted into vapour. The 
more proper apparatus for this sublimation is the alembic, a de- 
scription of which is given under Miscellaneous Apparatus. On 
a smaller scale, the sublimation may be easily effected in a glass- . 
tube, proceeding in the manner directed in 1403. 

1468. The following diagram explains the theory of the action. 


Before Decomposition, 

"‘■““l&S 

Morally, ( chlorine ...S.™ 
203 Mercury 203. 


Fig. 213. 



After Decomposition. 
238.5 Chloride of Mercury. 

238.5 Chloride of Mercury. 


Cl 2 Hg & ITg ss 2 (Cl llg). 


1469. A small quantity of the bichloride of mercury generally 
escapes during the decomposition, and a little metallic mercury 
also appears between the neck of the retort and the condensed 
calomel. By repeating the sublimation, it is usually obtained 
in a purer form, and any bichloride ^nay be removed by reducing 
the cake to a fine powder and washing it with cold water, which 
dissolves the bichloride, but has no action on calomel. The Lon- 
don College directs a solution of the hvdrochlorate of ammonia 
to be used for this purpose instead of water, the bichloride being 
much more soluble in it than in water. Mr Brande states, that 
a solution of common salt may be used* instead of a solution of 
the hydrochlorate of ammonia, but mentions the important ob- 
jection to thfi use of either of these substances which Mr Ilenncl 
pointed out, viz. that calomel is resolved *into bichloride of mer- 
cury and metallic mercury, when boiled w 7 ith a solution either 
of hvdrochlorate of ammonia or of- common salt. ; 

1470. If calomel be suspected to contain bichloride of mer- 
cury, a small quantity should be worked in a Wedgwood mor- 
tar with distilled water for some minutes, and the liquid should 
then be filtered. If any bichloride of mercury be mixed with 
the calomel, it is dissolved, and, on adding lime-water in excess 
to the clear liquid, binoxide of mercury will be precipitated of 
a yellow colour. 
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1471. The next method of preparing chloride of mercury is 
from a mixture of the bipersulphate of mercury, metallic mercury, 
and common salt. Or, sulphate of mercury may be Obtained, in 
the first place, by the mutual action of the bipersulphate and 
metallic mercury (sec 1449), and then be intimately mixed and 
heated with common salt, and sublimed in the manner already 
described in 1467. Every 251.1 parts of the sulphate (one 
equivalent) require 59 parts of chloride of sodium (one equi- 
valent), sulphate of sodq remaining in the bottom of the retort, 
while chloride of mercury is sublimed as before. The diagram 
gives a more precise view of the nature of the reaction. 


Fig. 214. 

Before Decomposition. *- 

.... i cj i i (211 Oxide ( Mercury 203- 

of Mon- 1 of Me,c " r - V 0 W* 8 

ol Merc. { Slllphuric Aci(1 40.1 

59 Chloride i Chlorine 35.5 

of Sodium ( Sodium 23.5. 



A fter Decompositio n . 
,238.5 Chloride of Merc*. 


71.0 Sulphate of Soda. 1 


SS-Hg & Cl Na = Cl Hg & :S*Na. 


Or, if the bipersulphate, mercury, and common salt, be mingled 
together by one operation and then heated, the symbolic expres- 
sion w ill be as follows : — 

2*S + :IIg & Hg & 2 (Cl Na) = 2(C1 Hg) & 2 (:S*Na). 

This process is preferred to any 6f the others, and was originally 
adopted at Apothecaries’ Hall (Brande). 

1472.* The last method of preparing chloride of mercury which 
we shall describe is by precipitation from the nitrate (nitrate of 
the oxide). For this purpose, a solution of the nitrate of mer- 
cury, prepared with the usual precautions (1447) must be added 
to a solution of chloride of sodium in 50 or 60 parts of water ; 
chloride of mercury is immediately precipitated, and nitrate of 
soda remains in solution. 5 t 9 parts of chloride of sodium are 
required for every 265.2 parts of dry nitrate of mercury, but a 
considerable excess of chloride is generally taken ; the quantity 
of chloride of sodium recommended to be dissolved in the water 
is equal in weight to the mercury employed in the preparation 
of the nitrate. The diagram represents the reaction that takes 
place between the nitrate of mercury and the chloride of so- 
dium. 
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Fig. 215. ^ 

Before Decomposition. After Decomposition . 

59 Chloride •.$ Sodium 23.5 -^85.7 Nitrate of Soda. 

of Sodium (Chlorine 35.5. 

( Nitric Acid 54.2 


2C5.2 Nitrate 
of Mercury j 


1 21 1 Oxide of 
Mercury 
Symb. Cl Na & 


Oxygen 8 • 

Merc. 203- 
s :N Ilg = s :N -Na & Cl Hg. 


^.238.6 Chloride of Merc. 


The chloride is precipitated in the form of a white powder, 
and must be washed and filtered with jfure water. 

1473. The following diagram gives a view of the reaction 
that would take place between the mercurial salt and the chlo- 
ride, supposing the whole' of the mercury to be converted into 
bipern itrate (composed of two equivalents of nitric acid and one 
of the binoxide), and each equivalent of this substance to decom- 
pose two of common salt. 


327-4 Bipernitrate 
of Mercury 


118 Chloride of 
Sodium=59x2 




A fter Decomposition 
,274 Bichloride of Merc. 


F)g. 216. 

Before Decomposition . 

{ Mercury 203 

Oxygen 8^ 

Nitric Acid 54.2 \ 

Oxygon 8 v \ n »-V/ 

N i trie Acid 54.2.\»X<£ 

Chlorine 

Chlorine 35.5'' 

Sodium 23’.5 Nitrate of Soda. 

Sodium 23.5 I^s.85.7 Nitrate of Soda. 


1474. The student will now perceive the great importance of 
attending to the quantity of oxygen anu acid combined with the 
metal, as, in the present instance, nothing would be obtained but 
bichloride of mercury and nitrate of soda, instead of chloride of 
mercury and nitrate of soda, if the mercury were converted into 
a bipernitrate instead of* a nitrate of the protoxide ; and, more- 
over, no precipitate would take ’place, bichloride* of mercury 
being soluble in water. He will likewise remark that though 
chloride of mercury is prepared from a mixture of chloride of 
sodium and sulphate of mercury, bichloride of mercury is formed 
when bipersulpliate of mercury is used. (See Fig. 217, next page.) 

1475. Chloride of mercury is decomposed by solutions of po- 
tassa, soda, and ammonia, hydrosulphuric acid, and of the hydro- 
sulphates. 

1476. Bichloride of Mercury, or Corrosive Sublimate , for- 
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merly called Muriate or Oxy muriate of Mercury ( Symb . Cl 2 Hg. 
Eq. by W. 274 = C1.71 + 203 Hg). The bichloride is usually 
obtained by exposing a mixture of one equivalent of the biper- 
sulphate of mercury (299.2) to heat along with two equivalents 
(118) of chloride of sodium, and conducting the process in the 
manner described for the preparation of calomel from the sul- 
( pliate of the oxide. The fumes and watery vapoury that are 
disengaged are loaded with bichloride of mercury, and must be 
carefully avoided, as they arc extremely deleterious ; the sand- 
bath should be placed under a chimney, or taken out into the 
open air. Many persons have been severely affected while pre- 
paring the bichloride by themselves, from not attending to this 
circumstance. , 

The following diagram shows the nature of the reaction that 
takes place : 


„ . . . Fi «- *17 

Info re .Decomposition . 

/ Mercury 203— 

2U!>.2 l Shuric Arid' 40. “ 

ot Mcrrurv 1 1 a 

I Oxygen ft, 

1 Sulphuric AcH 40.1 

i Chlorine ft* 1 )..") 

1 18 Chloride of ) Chlorine So.,’ 

Sodium =59X2 j Sodium 23.5. 

* Sodium 23.5. 



After J)ec< unposilion. 
2/4 Bichloride of Merc. 


71. ft Sulphate of Soda. 
71. ft Sulphate of Soda. 


1 477 ^T he bichloride is sublimed* and condenses in a crystal- 
line cake with a beautiful network of prismatic crystals, the sul- 
phate of soda remaining at the bottom, as in the preparation of 
calomel from the sulphate of the protoxide. The heat should be 
moderate, and not more than is required to volatilize the bichlo- 
ride slowly, to prevent as much of it as possible from being car- 
ried off in the form of.* vapour ; towards the end of the process, 
the heat may be increased for a short time. 

1478. Bichloride of mercury is soluble in nearly 20 parts of 
water at 60°, and in about 3 parts of boiling water. The solu- 
tion may be regarded as a compound of water and bichloride of 
mercury, or it may be supposed that a portion of water is de- 
composed when the bichloride acts on this fluid, and that a bi- 
perhydrochlorate of mercury is formed ; two equivalents of water 
must then be decomposed by one equivalent of the bichloride, 
in the manner represented in the following diagram. 
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Fig. 218. 


JJe/ore Decomposition . After Decomposition. 

S Hydrogen... 1 _36.5 Hydrochloric Acid. 


9 Water X 2 ... 


l Hydrogen... 1 

i Oxygen 8 
( Oxygen 8 

274 Bichloride of j 


Mercury 


i Chlorine 35*5 
Mercury 203 


7 Z 7 36-5 Hydrochloric Acid. 


219 Binoxide of Mercury. 



1479. Again, according to this view, when the solution of 
the biper liydrochlorate is evaporated co drynesss, the hydro- 
chloric acid and binoxide of mercury are again resolved into 
water and bichloride of mercury. ' The following diagram com- 
pletes the view of these complicated reactions : 


Fig. 219. 

lief ore Decomposition. 

2 equivalents of ( Hydrogen... 1 

Hydrochloric \ \ ^ 

Acid 36.5 — ta 


After Decomposition . 
Water. 

Water. 


1 equivalent Bin- ( Oxygen ... ft, 
oxide of Mer- ■< Oxygen ... ft, 

oury =■ 219 ( Mercury ...203 —^274 Bichloride of Mercury. 


1480. Bichloride of mercury has its solubility in water much 
increased by the addition of liydrochlorate of ammonia or com- 
mon salt (see 1469). It is also soluble in alcohol and in sulphu- 
ric ether. Its taste is acrid, metallic, astringent, and very dis- 
agreeable. Pure bichloride of mercury is completely Volatili- 
zed by beat, and is easily distinguished, from calomel by its so- 
lubility in water, and the yellow precipitate which it gives with 
lime water. 

1481. A compound of hydrochloric acid and binoxide of mer- 
cury, black and crystalline, has lately been described by Mr 
Phillips. It consists of two equivalents of hydrochloric acid, 73, 
and one of binoxide, 219 ; it has accordingly been ’’termed Bi- 

PEiniYDROCHLOUATE OF MkRCUHY. 

1482. The student should now make a number of experi- 
ments with a solution of the bichloride of mercury and solutions 
of the alkalis, alkaline earths, hydrosulphuric acid water, solu- 
tions of the hydrosulphates, of chromate of potassa, acetate of 
lead, and several astringent vegetable solutions — by all of which 
it is decomposed. 
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1483. The Hydrargyri Ammonio-Chloridum (formerly 
called the Muriate of Ammonia and Mercury, or the Hy- 
drargyrum Proccipitatum A lb am of the London College, and the 
Sal A lembroth of the older chemists), may be prepared by adding 
a solution of carbonate of potassa to a solution of the bichloride 
of mercury in hydrochlorate of ammonia, as long as any preci- 
pitation takes place. The following are the proportions recom- 
mended ; four ounces of the hydrocliloratc of ammonia are to be 
dissolved in four or five^ pints of distilled water, and six ounces 
of the bichloride of mercury must then be dissolved in this so- 
lution, sepai ating by filtration the white precipitate that is thrown 
down on adding the solution of carbonate of potassa, and wash- 
ing it with water on the filter. According to the process intro- 
duced into the last edition of the London Pharmacopoeia, this 
compound is now formed at once by the addition of a solution 
of ammonia to a solution of the bichloride of mercury. 

1484. The precise composition of this compound is still in- 
volved in considerable obscurity. During its preparation, ac- 
cording to Dr Kane, half of the chlorine is withdrawn by part 
of the ammonia, while the whole of the mercury is precipitated 
in the form of a new compound of binamide and bichloride of 
mercury. But according to others, it should be regarded as a 
compound of hydrochlorate of ammonia and binoxide of mer- 
cury, or as a compound of ammonia with the bichloride and bin- 
oxide of mercury (Phillips). 

1485. Iodide of Mercurv may be obtained by adding a so- 
lution of the iodide of potassium to a solution of the nitrate of 
mercury (protonitrate) ; it is immediately precipitated in the 
form of a yellow powder ; the potassium combines with the ni- 
tric acid and oxygen, of the nitrate, the iodine and mercury 
forming iodide of mercury. 

Symb. IK & ::N, Hg = IHg & ::N K. 

1486. Biniodide or Periodide of Mercury is formed and 
precipitated of a red colour, when a solution of bipernitrate of 
mercury is added to a solution of iodide of potassium, two equi- 
valents of the latter being decomposed by one of the biperni- 
trate, and the usual reaction taking place between the acid and 
binoxide. 

Symb . 2 IK & 2::N + :Hg = I*Hg & 2 (::N + K.) 

1487. It may also be obtained very easily by heating two eqs. 
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of iodine with one of mercury in a glass-tube ; a brisk ebullition 
takes place, and biniodide of mercury is sublimed, condensing 
on the sides of the tube, and assuming a very rich crimson co- 
lour as it cools. « 

1488. The iodide and biniodide of mercury have both been 
frequently formed of late by merely triturating iodine and mer- 
cury in the required proportions, after adding a little alcohol. 

1489. Other compounds of mercury and iodine have been de- 
scribed, more particularly the Ses^uiniodide of Mercury*, 
which is formed when solutions of iodide of potassium and of the 
nitrate and bipemitrate of mercury are mingled — the* Iodureted 
Bichloride of Mercury,, produced by adding a solution of the 
bichloride to an alcoholic solution of iodine till the colour disap- 
pears — and a compound formed by dissolving the biniodide of 
mercury in a solution of the bichloride, which appears to consist 
of both these salts. 

1490. Compounds of bromine and mercury may be made in 
the same manner as those of iodine and mercury. 


CHAP. II. — SILVER. 

Symb. Ag. Eq. by W. 108.3. # >S p. gr. 10.5. A strong red-heat 
(1873° Danicll) is required to fuse it ; and by a very high tem- 
perature it may be dissipated in vapour. 

1491. The silver of commerce is procured principally from 
ores of native silver, of sulphur et of silver, or from ores of lead 
containing portions of this metal, from which it is extracted by 
the oxidation of metallic .lead, as in the process of cupellation. 

1492. Ores of native silver, mixed with much stony matter, 
are reduced to powder on the large scale by machinery, and 
agitated with mercury and water in a barrel. The mercury com- 
bines with the silver and forms an amalgam, which is separated 
from the stony matter, and the mercury is then removed by dis- 
tillation, the silver being left. 

1493. To obtain silver from the sulphuret of silver, a more 
complicated process is necessary. It is heated in a reverbera- 
tory furnace with common salt, by which chloride of silver is 
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obtained, and, when this is agitated in barrels with mercury, water, 
and fragments of iron, the iron removes the chlorine and is dis- 
solved in the water, while the mercury combines with the silver, 
forming an amalgam, from which the mercury is to be separated 
by distillation. This is the general nature of the action that 
takes place, but it has not been so minutely examined as is de- 
sirable : the presence of a little sulphuric acid, or of some me- 
tallic salt containing it, appears to be of importance. 

1494. In extracting silver from ores of lead, a very great im- 
provement has lately been introduced by Mr Pattinson. In- 
stead of separating all the lead by cupellation, he removes a large* 
portion of the lead in the first instance by crystallization after 
melting it, having found that it separates with facility, on re- 
ducing the temperature, cautiously, from the more fusible com- 
pound of lead and silver which is left in the liquid form. This 
separation of metallic lead is continued till the alloy that is left 
is many times richer in silver than the lead originally procured 
*from the ore. 'There is accordingly much loss lead to oxidate 
in separating it finally from the silver bv heat and air (see Lead), 
and at the same time all the expense previously incurred in 
oxidating the whole of the lead, and then reducing it to the me- 
tallic form is greatly diminished. Many lead-ores in which tin* 
quantity of silver was too small to admit of its being extracted 
economically by the former process, are now used with advan- 
tage for the separation of silver since the introduction of Mr 
Patti n son’s process. 

1495. Silver being frequently alloyed with a small quantity 
of copper, it is of importance to know the processes bv which 
they may be separated. The one usually followed consists in 
exposing the alloy to«tlie action of the air at a high temperature 
along with several times its weight of lead, the copper and the 
lead being oxidated and fused, while metallic silver remains. 
For this purpose, the alloy must be placed on a cupel, and ex- 
posed to heat in the muffle of the cupellation furnace : when the 
student has not the advantage of a cupellation furnace, the cupel 
may be placed in the open fire in the manner described in 1068, 
page 307. 

1496. The quantity of lead required depends on the richness 
of the alloy ; if it contain about a tenth part of copper, which 
is usually the case, six or seven times its weight of lead will he 
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found quite sufficient ; but if more copper be present, it will be 
necessary to use a larger quantity of lead. 

1497. The use of the lead in this process is to form a fusible 
compound with the copper during the oxidation of both metals, 
which is speedily absorbed by the bone-ashes, while the pure 
silver remains above. If too small a quantity of lead be em- 
ployed, a brown crust gathers on its surface which is not fused, 
and prevents the oxidation of the remainder of the lead and 
copper. The usual precautions must be taken in bringing the 
muffle to a proper temperature, and the process is known to be 
completed by th v f figuration or brightening as it is termed, which 
is seen when the last portions- of lead and copper arc oxidated 
and removed. 

1498. On taking out the cupel, the silver is seen in the form 
of a. metallic globule of a rich white colour and great lustre. The 
fused oxides give the cupel a very dark appearance where they 
have been absorbed, deeper in proportion to the quantity of cop- 
per which the alloy may have contained. The appearance which 
it presents should be compared by the beginner with the result 
of the process described in 1067, where pure lead is directed to 
be exposed to heat on a cupel till it ‘>5 oxidated. 

The experiment may be made with a few grains of the alloy, 
or a much larger quantity may be employed. 

1499. Other processes for separating silver from copper are 
frequently resorted to. Digest the alloy with ope and a half 
times its weight of nitric acid diluted with twice its bulk of 
water in a glass-flask or evaporating basin till it is dissolved, 
and pour the liquid into hydrochloric acid diluted with eight or 
ten times its bulk of water, using a quantity of the strong acid 
equal in weight to the alloy employed. Chloride of silver is pre- 
cipitated. 

A slight excess of nitric acid favours the precipitation of the 
chloride. The solution prepared in the manner directed is 
always acid ; should a solution be employed containing no ex- 
cess of nitric acid, it ought to be acidulated with this acid be- 
fore adding the hydrochloric acid. The diagram represents the 
action that takes place between the hydrochloric acid and the 
nitrate of silver. 
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Before, Decomposition . 


Fig. 220. 


170.5 Nitrate of 
Silver, 

36.5 Hydrochlo- 
ric Acid, 


Nitric Acid 54.2 

116.3 $ Oxygen 8- 
Oxide ( Silver 108.3^ 

j Hydrogen 1- 

( Chlorine 35.5- 


Products . 
54.2 Nitric Acid. 
9 Water. 


143.8 Chloride of Silver. 


The copper is retained in solution in the form of nitrate or 
hydrochlorate of copper with the excess of nitric acid. When 
the chloride of silver has subsided, the clear liquid should be 
decanted, and water acidulated with a little nitric acid should 
be poured upon the precipitate. This must also be decanted 
when the precipitate shall have again subsided, and by repeat- 
ing this, all the copper is removed. 

The chloride of silver may then be washed with as little 
w r ater as possible in a plate or evaporating basin, and dried be- 
fore the fire. 

1500. To procure the metallic silver from the chloride, dif- 
ferent processes are followed. It may be obtained easily in the 
following manner : — Take 50 parts of carbonate of potassa and 
40 of dry carbonate of soda, fuse them in a common Hessian 
crucible, and shake the liquid in the crucible, so that the inte- 
rior surface shall be coated with the mixed carbonates. Throw 
out the excess of the mixed carbonates, and then put into the 
crucible, after allowing it to cool a little, 100 parts of the chlo- 
ride, perfectly^dry, and intimately mixed with 50 of the carbo- 
nate of potassa and 40 of dry carbonate of soda. On heating 
the mixture in a furnace, the chlorine is withdrawn by the 
bases of the alkaline carbonates, and the metallic silver is ob- 
tained in the form of a button below the fused saline matter. 
100 grains of the chloride, with the proportion of alkaline car- 
bonates mentioned, may be fused in q crucible capable of con- 
taining toyo fluid ounces. .The excess of alkaline matter em- 
ployed is of no importance on the small scale, and allows the 
particles of silver to collect together more easily. 

1501. In this process, the mixed carbonates are preferred to 
either separately, as they are more fusible ; and it is of import- 
ance to line the interior of the Hessian crucible with the mixture, 
as the chloride of silver is very penetrating, and a portion is 
apt to pass through it, when this precaution is not adopted. 
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The crucible must be exposed to a bright heat in order to melt 
the silver. 

1502. Were the decomposition effected by potassa alone, the 
annexed diagram would represent the action that takes place. 


Fig. 221 

Before Decomposition . 


Products . 


47.2 Potassa 

143.8 Chloride of Silver 


Oxygen ... 8 .. 
Potassium 39.2, 
Chlorine 35.5__ 
Silver 108.3_ 


8 Oxygen. 

74.7 Chlor. of Potass. 
108.3 Silver. 


In the present instance, every portion of potassa or soda that 
reacts on the compound of silver and chlorine, loses the carbo- 
nic acid that was combined with it ; the chlorine, taking the 
metallic base, forms a chloride of potassium or sodium, and the 
metallic silver is disengaged. The excess of alkali employed is 
not decomposed. 

1503. Another method of procuring the silver from the chlo- 
ride consists in boiling it in water with metallic zinc, to which 
a little acid has been added. It is procured in this manner in 
the form of an asli-coloured powdes which may be melted into 
a globule by heating it in a crucible, adding a small quantity of 
carbonate of potassa or soda, or of the mixed carbonates. The 
zinc combines with the chlorine of the chloride, and remains in 
solution. Thin plates of zinc are preferred, and are boiled for se- 
veral hours with the chloride ; 32.3 of zinc are required for 143.8 
of the chloride of silver, but it is better jbo use an excess of zinc. 
The silver should be well washed and dried before it is fused. 

1504. To prepare metallic silver from the chloride, Dr Ure 
recommends 100 parts of it to be fused in a crucible with 19.8 
of pure lime and 4.2 of charcoal. 

1505. Mr Kcir discovered that, an acid liquor composed of 
eight parts of sulphuric acid and one of nitre has the property 
of dissolving silver, but that it does not act upon copper, and 
has accordingly recommended it to be employed for removing 
silver from plated goods. The action of the liquid is to be as- 
sisted by a moderate heat, not exceeding that of boiling water, 
and the silver should be precipitated by a solution of common 
salt, reducing the chloride that is thus obtained in the usual 
manner. 
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1506. Silver is often precipitated from its solution in nitric 
acid by a plate of copper ; nitrate of copper remains in solu- 
tion. 

1507. Silver may also be precipitated in the metallic form by 
mercury. The silver that is obtained in this manner should be 
exposed to heat in a crucible till it is melted, that the mer- 
cury which is mixed with it may be expelled. This process is 
seldom resorted to, however, except for the purpose of shewing 
the arborescent form in which the silver is separated by the 
mercury. It is in this manner that the Arbor Diana as it has 
been termed, is usually prepared ; 50 grains of the fused nitrate 
of silver, dissolved in two or two and a half ounces of water, and 
put into a small glass with 100 grains of mercury, do very well 
for this purpose. The crystals of silver are deposited above the 
mercury and rise in the liquid, part of the mercury being slowly 
dissolved, as it combines with the oxygen and acid previously in 
combination with the silver. 

1508. Silver is a white metal, with a very brilliant metallic 
lustre. It is exceedingly malleable and ductile, and is also 
possessed of considerable tenacity. It is scarcely tarnished, 
and does not oxidate, when exposed to air and moisture. It is 
readily oxidated and dissolved by the nitric acid, and by sul- 
phuric acid when heat is applied. When long exposed to air, 
especially in much frequented places, silver is tarnished by the 
formation of a thin film of sulphuret of silver on its surface. 

1509. Oxide of Silver (>S pnb. OAg, or Ag. Zfly. 116.3 n= 
0.8 + 108.3 Ag) may Ue obtained by adding a solution of the 
nitrate of silver to a solution of baryta, the oxide being imme- 
diately precipitated, while nitrate of baryta remains in solution. 
Solutions of the alkalis and other alkaline earths also precipitate 
oxide of silver from thp nitrate. Other oxides of silver have been 
described, but they are of less importance. 

1510. At a high temperature silver acquires a portion of 
oxygen from the air, but parts with it as it cools. By exposure 
for a very long time to an intense heat, the oxide that is formed 
is fused. 

1511. Fulminating Silver is a compound of ammonia and 
oxide of silver, which is usually prepared by pouring water of 
ammonia on oxide of silver precipitated from the nitrate by lime- 
water, after washing it on a filter. In twelve hours the liquid 



TESTS OK SILVER. 


421 


must bo cautiously decanted, and the black fulminating com- 
pound that remains should be allowed to dry spontaneously on 
small pieces of filtering paper. 

1512. As .many accidents have occurred during the prepara- 
tion of this compound, even with those who have been accus- 
tomed to chemical manipulation, it will be better for the be- 
ginner to pass over this process. It detonates with extreme 
violence when touched by any hard body. Even the touch of 
a feather has been found sufficient to produce a loud explosion. 
The liquid, also, when gently heated, affords a still more dan- 
gerous compound, which explodes even when touched under the 
surface of the liquid. • . 

1513. The most delicate test of silver in solution is hydro- 
chloric acid, or a solution of any hydrochlorate, chloride of silver 
being immediately precipitated in the form of a white curdy pre- 
cipitate 1 , which becomes of a purplish colour on exposure to light. 
Jlydrosulphurie acid and solutions of the hydrosulphates give a 
black precipitate of sulphuretof silver; arsenite of potassa gives 
a yellow precipitate of arsenite of silver ; with arson iate of po- 
tassa, the precipitate is of a brick-red colour ; chromate of potassa 
gives a similar tint, but of a moiv beautiful and deeper hue. 
Small metallic globules of silver, obtained by decomposing any 
of its compounds on charcoal before the blowpipe, are easily re- 
cognised by their brilliant white colour, their hardness, and the 
manner in which they rest above the surface of the charcoal, 
not being imbedded in it like many other metals reduced on 
charcoal, but rising above it, and adhering only by a small point. 
A plate of copper introduced into a solution of silver precipi- 
tates metallic silver. 

1514. The most important salt of thisaietal is the Nitrate 
of Silver. It is prepared by digesting^J^ver in a glass vessel 
with one and a half times its weight of nitric acid diluted with 
an equal bulk of water, and evaporating the solution to dryness. 
One portion of the acid affords oxygen to the silver, and binoxide 
of nitrogen is disengaged, the oxide formed in this manner com- 
bining with the acid that is not decomposed. When dissolved 
in less than its weight of hot water, the solution affords tabular 
crystals as it cools. 

1515. The fused nitrate of silver of the different Colleges, 
or Lvnar Ca untie, is prepared by melting the crystallized nitrate 
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in a porcelain crucible, capable of containing four or five times 
as much as is employed, heating it very gently at first to pre- 
vent it from boiling over or being decomposed, and pouring it 
whenever it becomes quite liquid into cylindrical moulds. The 
operator must take care to avoid the very caustic sparks that 
are occasionally thrown out of the crucible during the fusion of 
the nitrate. 

1516. Nitrate of silver is soluble in its own weight of water, 
stains the skin black, and is decomposed by sulphuric and hy- 
drochloric acids, solutions of the alkalis and earths, hydrosul- 
phuric acid; hydrosulphates, by many of the metals, and a great 
number of astringent vegetable solutions. It darkens on ex- 
posure to light, if it be exposed to dust or to any vegetable or 
animal matter, but wlipn sealed hermetically in a glass-tube, 
so as to exclude 'all foreign matters, it is not affected by light. 

1517. Common marking-ink is composed of a solution of this 
salt thickened with a little mucilage ; and the preparatory liquid, 
with which the part to be marked is previously moistened, is a 
solution of carbonate of soda also thickened with a little muci- 
lage. 100 grains of the fused nitrate may be dissolved for this 
purpose in distilled water, end two or three drachms of muci- 
lage added to the solution, keeping it in a bottle ; for the pre- 
paratory liquid, again, half an ounce of the carbonate of soda 
may be dissolved in two or thrfre ounces of water, adding half 
an ounce of mucilage to the solution. 

1518. Sulphate of Silver may be obtained by digesting 
metallic silver in sulphuric acid, one portion of the acid being 
decomposed, and affording oxygen to the metallic silver while 
sulphurous acid is disengaged, and another combining with the 
oxide. It may be prepared also by adding a solution of the 
sulphate of soda to a solution of the nitrate of silver, nitrate of 
soda remaining in solution, and sulphate of silver being preci- 
pitated ; this is the more convenient method of preparing the 
sulphate. It requires a large quantity of water for its solution. 

1519. Silver tarnishes rapidly when exposed to the action of 
sulphur or sulphureous compounds, a Sulphuret of Silver 
being formed. This compound is produced much more rapidly 
by the action of hydrosulphuric acid or hydrosulphate of am- 
monia upon salts of silver. 

1520. Phosphate of Silver is precipitated when a solution 
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of the phosphate of soda is added to a solution of the nitrate of 
silver, a double decomposition taking place, and nitrate of soda 
remaining in solution. 

1521. Carbonate of Silver may be obtained by adding a 
solution of an alkaline carbonate to a solution of the nitrate of 
silver. 

1522. Fulminate of Silver, another detonating compound 
of silver, less dangerous than the one already described, may 
be prepared by dissolving metallic silver in strong nitric acid, 
and adding the solution to alcohol, proceeding in the manner 
directed for the preparation of fulminate of mercury* and using 
the same proportions of metal, acid, and alcohol. It explodes 
much more violently than fulminate of mercury, and should be 
handled with still more precaution, never touching it with any 
thing but a piece of paper or a card, except for the purpose of 
experiment. It is detonated by heat, friction, percussion, and 
strong aqueous sulphuric acid, producing a very sharp report. 
A quarter of a grain is quite sufficient for each experiment. By 
rubbing it with a little sand, it instantly explodes. To deto- 
nate it with the acid, a small portion of acid is lifted out of the 
phial containing it by touching it w^th an iron-rod, shaking off 
previously any superfluous acid which might otherwise be thrown 
upon the operator by the force of the explosion. 

1523. Chloride of Silver -is always formed when hydro- 
chloric acid or a solution of any hydroehlorate is added to a so- 
lution of a salt of silver, being precipitated in the form of a 
white curdy looking powder. Exposed to the direct rays of the 
sun, it soon becomes of a purplish colour. This was formerly 
attributed to the separation of chlorine from a part of the chlo- 
ride, but, of late, it has been affirmed that it arises solely from 
a change in the arrangement of the particles. Mr Weslar, again, 
states that the silver is in the form of a subchloride. It is easily 
fused by a temperature of about 500®, forming a mass like a piece 
of horn as it cools, and hence it is often called Luna Cw'nea or 
Horn Silver. By a high temperature it is volatilized. When 
melted in a common Hessian crucible, it penetrates through its 
pores, and much is lost when heated considerably. It occurs 
native. Chloride of silver is formed in numerous chemical ope- 
rations, and may be decomposed in the manner described in 
1500. It is very soluble in a solution of ammonia. 
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1524. Iodide of SiLVEit, of a greenish-yellow colour, is preci- 
pitated when iodide of potassium is added in solution to the 
nitrate of silver, nitrate of potassa being formed at the same 
time and left in solution. 


CHAP. III.— GOLD. 

Symb. Au. Eq. by W. 200. ,S>. gr. 19 A Melts at 201(5 

• (Daniell). 

1525. Gold is not found in the state of an earthy ore. It 
occurs pure, or combined with other metals. When gold is 
alloyed with copper, it may be separated by the process of cupel - 
lation, proceeding in the manner that has been described for the 
cupel lation of silver; 15 or 20 grains of an alloy containing 
about a tenth of its weight of copper will be sutficient to shew 
the nature of the process on the small scale. 

1526. Silver and platinum cannot be removed in this manner, 
as neither of these metals, is oxidated by exposure to a high 
temperature. Platinum is not often found alloyed with gold, 
and silver may be separated by the operations of Qmrtation 
and Parting . Quartation consists in fusing the alloy with three 
times its weight of silver, by which the particles of the gold are 
separated to a greater distance from eacli other, and prevented 
from covering or protecting any of the particles of silver from 
the action of nitric aeiif. Parting, again, consists in boiling the 
alloy in seven or eight times its weight of nitric acid to remove 
the silver, diluting the acid with an equal weight of water or 
rather more, and repeating the operation with a smaller quantity 
of acid till the whole of the silver lias been extracted. Gold 
not being Soluble in nitric acid, all that the alloy may have con- 
tained is left in a porous mass of the same form as the original 
alloy, or reduced to powder. On the large scale, before the alloy 
is boiled in the nitric acid it is usually flattened, by drawing 
it out between rollers ; on the small scale it is hammered on an 
anvil ; whatever mode be adopted, it is always necessary to 
heat it and allow it to cool slowly before subjecting it to the 
action of the nitric acid. 
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1527. When gold is exposed to an intense heat by the oxy- 
hydrogen blowpipe, it is dissipated in vapour, and a purple 
powder may be collected, which has been regarded as an oxide 
of gold. Its composition is still uncertain. 

1528. Oxide of Gold (protoxide) is prepared by decomposing 
the chloride of gold (protochloride) by a solution of potassa. It 
has a dark green colour. 

1521). Peroxide or Teroxide of Gold, frequently termed 
Auric Acid, may be obtained by adding a solution of pure 
potassa to a solution of the terchloride of gold, taking care not to 
add excess of alkali ; hvdrochlorate of potassa remains in solu- 
tion, and the teroxide is precipitated in combination with a 
portion of water, the usual reaction taking place between the 
metallic chloride and part of the water that is decomposed. As 
it is often associated with a portion of potassa, if has been recom- 
mended to redissolve it in nitric acid, sp. gr. 1.4, and to precipitate 
it again by the addition of water, which separates it from the 
nitric acid. By a temperature of about 212° the water is ex- 
pelled, and the anhydrous teroxide remains. 

1530. Terchloride of Gold, usually termed Chloride of 
Gold, may be obtained by digesting small fragments of gold 
in a mixture of one part of nitric acid and two of hydrochlo- 
ric acid, evaporating the solution to dryness by a very gentle 
heat to expel any excess of acid. The gold is dissolved by the 
chlorine evolved by the mutual reaction of the nitric and hy- 
drochloric acids. If the heat be too strong, the chlorine is partly 
or entirely dissipated, and nothing remains but the chloride or 
metallic gold ; great caution is therefore required in evaporating 
tlxe liquid to dryness. 

1531. A weak solution of gold may be. obtained by shaking 
gold-leaf witli a solution of chlorine in water. The acids which 
act upon gold are the nitro-muriatic, and a mixture of chromic 
and hydrochloric acids ; and in both cases chlorine may be con- 
sidered the actual solvent, part of the oxygen of the nitric or 
chromic acid combining with the hydrogen of a portion of hydro- 
chloric acid, and disengaging this element. Nitro-hydrobromic 
acid also, prepared from nitric and hydrobromic acids, can dis- 
solve gold ; and here the bromine is considered the proper 
solvent, being disengaged from the hydrobromic acid by the 
oxygen of the nitric acid combining with its hydrogen. Fluorine 
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also acts upon gold in the same manner as chlorine and bromine. 
Nitric, hydrochloric, sulphuric, and other acids, when perfectly 
pure and added separately, have no action upon gold. 

1532. Digest the dry terehloride of gold in water, and filter 
the liquid : a solution of terehloride of gold is obtained of a deep 
reddish-brown colour. 

1533. Dinaurate of Ammonia or Ammoniuret of Gold, 

called also Fulminating Gold, may be obtained bv adding 
ammonia to a solution pf the terehloride of gold as long as any 
precipitate appears, and digesting the precipitate in ammonia. 
It should b*e allowed to dry on a filter at natural temperatures 
after washing it with water. It is. of a yellowish colour. It 
detonates violently by friction and percussion, or when exposed 
to heat, its elements l;eing separated from one another ; and 
must never be touched with any hard substance except for the 
purpose of experiments. It should be kept in a wide-mouthed 
bottle, closed tightly with a cork, and in small packets of paper. 
According to Dumas, it contains gold, oxygen, chlorine, hy- 
drogen, and nitrogen. It has been regarded, as its name indi- 
cates, as a compound of one eq. of auric acid and two of am- 
monia. • 

1534. Add a solution of the green sulphate of iron (proto- 
sulphate) to a solution of the terehloride of gold ; metallic gold 
is precipitated, and water is supposed to be decomposed, its hy- 
drogen combining with the chlorine, while the oxygen converts 
the protoxide of iron into peroxide. Other explanations, however, 
have been given of thejtheory of the action, according to which 
the products in solution are regarded as sesquisulpliatc of iron 
and perchloridc of iron. Many metals, sulphurous and phos- 
phorous acids, hydrogen gas, phosphureted hydrogen, carbon, 
and other deoxidating agents, decompose solutions of gold, and 
precipitate it in the metallic, form. 

1535. Digest the precipitate thrown down by sulphate of iron 
in diluted sulphuric or hydrochloric acid, to remove any oxide of 
iron that may have been thrown down along with the gold, and 
the latter will be obtained in a state of great purity. 

1536. Add a solution of the chloride of tin (protomuriatc) to 
a solution of the terehloride of gold ; a purple precipitate is im- 
mediately thrown down, which has been regarded as a compound 
of binoxide of tin and the oxide of gold, or metallic gold. Se- 
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veral difficulties have been presented in determining its precise 
atomic constitution. It usually contains combined water, and 
its solubility in ammonia docs not accord with the view that it 
is a mechanical mixture of gold and hydrated binoxide of tin 
It is well known by the name of Purple of Cassius , and is used 
for communicating a rich red or pink colour to glass. Accor- 
ding to M. Huisson, the solution of tin employed ought to con- 
tain both protochloride and bichloride of tin ; he has given a 
precise formula for its preparation. See, Journal de Pharmacie 
for October 1830, or Philosopli. Magazine and Annals, vol. viii. 

1537. Touch a piece of crystallized borax with a glass-rod 
that has been dipped in a solution of the terchloridc of gold ; on 
exposing it to heat before the blowpipe on a piece of earthen- 
ware or baked clay, or fusing it in a crucible, a glass will be 
obtained which will have a very rich red or pink colour. If a 
very strong degree of heat be applied and continued for a con- 
siderable time, the pink tint disappears, and metallic gold is 
then seen. 

1538. Ethereal Solution of Gold , which is used for gilding a 
number of substances, may be easily prepared by shaking a 
strong solution of the terchloridc with an equal bulk of pure 
ether, the ethereal solution collecting above, and a heavier liquid 
remaining below. It should be decanted immediately, and 
kept in a stoppered bottle enclosed in a case to protect it from 
the action of the light. 

1539. Chloride of Gold (protochloride) is prepared by ex- 

posing the terchloridc carefully to a moderate heat, when two- 
thirds of its chlorine are expelled. The temperature to which it 
is subjected should be considerably below a red-heat, otherwise 
all the chlorine would be expelled. # 

1540. Gold and chloride can combine with a number of me- 
tals, forming a scries of triple compounds. Mr Johnston has 
published a memoir on several of the combinations of gold in 
the third volume of Dr Brewster’s Journal, New Series. 
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CHAP. IV. — PLATINUM. 

. S/i/nb. Pt ; Ktf. hi/ IV. 08.84. Specific gravity 21 .5. 

1541. Tlii‘ process for preparing pure and malleable plati- 
num has been minutely described by Dr Wollaston in the first 
part of the Philosophical Transactions for 1820, to which I 
must refer for a number of details, and particularly for a de- 
scription of the press required in rendering the platinum mal- 
leable, after it has been purified^ from the other metals with 
which it is usually associated. Though the beginner may not 
probably attempt to render the platinum malleable, ho will find 
no difficulty in preparing* it in a pure form, though in a minute 
state of division. 

1542. The hydrochloric acid employed for the aqua regia 
used, is to be prepared bv mixing equal measures of strong hy- 
drochloric acid and water, and the nitric acid also should be 
diluted; aquafortis, termed also single aquafortis, is what l)r 
Wollaston recommends. 7?or 120 parts of crude platinum, as 
much of the hydrochloric acid as can dissolve 150 parts of mar- 
ble, and as much of the nitric acid as can dissolve 40 parts of 
marble, are employed. The platinum is digested for three or 
four days in the acid liquid with a lieat gradually increased, the 
solution is then decanted, and allowed to stand till a quantity 
of a fine powder containing iridium has subsided. It may then 
be mixed with a solution of 41 parts of hydrochlorate of ammo- 
nia in 205 parts of water. The yellow precipitate that is thrown 
down must he well washed and ultimately pressed, to remove 
adhering impurities. On exposing it to heat, metallic platinum 
is left, hydrochlorate of ainijryonia and chlorine being expelled. 

1543. The liquor that remains after the precipitation of the 
solution by the hydrochlorate of ammonia retains 11 per cent, 
of platinum. It may be recovered by precipitation a, long with 
some of the other metals in solution, by immersing clean bars of 
iron in the liquid, dissolving the precipitate in a proportionate 
quantity of aqua regia, similar to that described in 1542. In this 
case, however, before precipitating by a solution of liydrochlo- 
rate of ammonia, every 32 parts by measure of the riitro-rnuri- 
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atic liquid must be mixed with one by measure of strong hy- 
drochloric acid, to prevent the precipitation of any lead or pal- 
ladium. 

1544. Platinum is not fused in general on exposing it to the 
strongest heat of a smith’s forge ; small portions may be easily 
melted, however, by drawing it into thin wires, and holding it. 
in the flame of the oxyliydrogcn blow-pipe, and Mr Maughan 
has lately fused in this manner considerable quantities, as one 
or two ounces. It must not be considered as infusible in all kinds 
of furnaces, several cases having lately been met with in which 
it was melted in furnaces charged with coke or anthracite coal. 
It may be welded and hammered into various forms, like iron, 
by exposing it to a high temperature, and it is in this manner 
that crucibles and other vessels made of this substance are formed. 

1545. In experimenting with apparatus made of platinum, it 
should never be allowed to come in contact with lead, antimony, 
or tin, when heated, as these metals combine with it, and form 
a very fusible compound. Neither should it be heated in a coal 
or cinder tire, where slag or ashes from the coal may fix upon 
it, as the..e are in general removed with difficulty, and prevent 
the platinum apparatus from being so freely used. Berzelius’s 
spirit-lamp, or the spirit-lamp introduced by Mr Arthur Trevel- 
yan, are best adapted for heating the platinum-crucible, and 
when these are not used, charcoal alone should be employed. 

1546. By dissolving platinum, and precipitating it in the 
same manner as the ore, the ammonio-chloride of platinum is 
easily procured in the form of a yellow powder, and on heating 
it in a small crucible protected by a cover, it becomes of a grey 
colour, and forms the spongy platinum , which becomes incandes- 
cent with hydrogen gas in the manner described in 83, &e. 
Different kinds of lamps have been constructed, in which the 
spongy platinum is employed to produce an instantaneous light 
by directing a stream of hydrogen gas upon it ; one has been 
shewn in page 27, Fig. 45. The annexed figure represents an- 
other ; a the external glass-jar, containing the diluted sulphuric 
acid ; b the interior suspended jar, open below, and in which the 
hydrogen is accumulated by the action of the diluted acid upon 
the zinc c. The small aperture d allows air to escape from the 
outer glass fessel as the hydrogen is formed within 6, and forces 
the acid liquid to rise in a. The platinum ball / is protected, 
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when not in use, by a cap, which is represented by the dotted 
line, over it; but when the ap- Fig. 222 . 

paratus is in use, the mere 
raising of this cap, so as to 
make it assume the position 
seen in e , opens the stopcock 
at the same time, and the hy- 
drogen is then propelled, as re- 
presented in the figure, upon 
the platinum. 

1547. Pleischl has recom- 
mended another mode of pre- 
paring the platinum in a minute 
state of division. Unsized pa- 
per is moistened and dried 
three times with a solution of 
the bichloride, and on burning 
the paper, the ashes that are 
left contain the platinum in a 
fit state for shewing its action 
on hydrogen and other gases with air or oxygen. 

1548. When the platinum is required in an extremely active 
state it is prepared by fusing crude platinum with twice its 
^weight of zinc, reducing the alloy to powder, and then treating 
it successively with dilute sulphuric, and dilute nitric acid, as- 
sisting the operation, which goes on slowly, with heat. The 
zinc being removed by the acids, the metallic platinum is left 
as a dark grey powder, in a very minute state of division, but 
impure ; it is then heated with a solution of potassa, and after- 
wards washed with water, when it is fit for use. 

1549. The spongy platinum, when used for experiments with 
hydrogen" and air or oxygen, is usually made into small balls, 
about the size of a pea, with one-third, one-half, or two-thirds 
of its weight of fine clay, moistening the mixture, and drying 
it slowly. These balls should be exposed to a red-heat in the 
flame of a spirit-lamp, a short time before they are used, to ex- 
pel any adhering moisture. 

1550. Though platinum acts in a much more energetic man- 
ner upon gaseous mixtures when in a spongy form than when 
aggregated in denser masses, probably on account of the more 
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extensive surface it presents, still it is not devoid of this pro- 
perty even when in the form of wire or foil, or in still larger 
masses, provided its surface be absolutely clean. For this pur- 
pose it should be boiled successively in a solution of potassa, in 
water, in aqueous sulphuric acid, and again in fresh portions of 
water several different times, taking care never to touch it di- 
rectly with the hand. It has been considered by Faraday, who 
has minutely investigated the facts brought forward by Dulong, 
Thenard, and Dobereincr, and extended’thcir observations, that 
the phenomena arise from the adhesive attraction exerted towards 
the gases by the platinum, which brings them sufficiently near to 
admit of their powers of fchemical action being brought into 
play. Spongy platinum can condense large quantities of oxygen 
gas ; some have affirmed that it can absorb 200 times its bulk of 
this substance. 

1551. Take a small piece of thin platinum wire, coil it round 
the wick of a spirit-lamp where' the spirit burns, so as to make 
several turnings, and blow out the flame, after allowing it to 
burn for a short time. The heated platinum determines the slow 
combination of the spirit with the air at a lower temperature, 
and the heat evolved in this manner Is sufficient to maintain the 
platinum red hot as long as there is any spirit. It should be 
covered with a glass funnel, so as to exclude the action of cur- 
rents of air. 

1552. Oxide of Platinum may be obtained by decomposing 
the chloride of platinum by a solution of potassa, the usual re- 
action taking place between the water and the chloride. The 
products are oxide of platinum and liydroclilorate of potassa. 

1553. The Binoxide or Peroxide of Platinum is not easily 
obtained in a pure form, from its tendency to form triple salts 
when thrown down from any solution in which it may exist. It 
has been procured by boiling the bichloride of platinum with 
sulphuric acid, decomposing the sulphate of the binoxide pre- 
pared in this manner by nitrate of baryta, nitrate of platinum 
remaining in solution, and sulphate of baryta being precipitated ; 
and adding a sufficient quantity of soda to the solution of the 
nitrate, so as to throw down half of the binoxide. If a large 
quantity of soda be added, more binoxide is precipitated, but then 
it carries along with it a portion of acid. 
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A Sesquioxidk of Platinum has been described by Mr E. 
Davy. 

1554. Platinum may be detected in solution by the dark port- 
wine colour which solutions of hydriodic acid communicate to 
any liquids containing it. A solution of potassa gives a yellow- 
coloured precipitate with strong solutions of platinum ; but with 
soda, the platinum solution remains perfectly transparent. Hy- 
drosulphuric acid gives a black precipitate. On evaporating 
any of the solutions of this metal to dryness, metallic platinum 
may be obtained bv exposing the residuum to a strong heat. 

1555. Fulminating Platinum may be obtained by adding- 
ammonia to a solution of the sulphate of platinum, and boiling 
the precipitate that is thrown down in a solution of potassa ; it 
must then be washed oft a filter with water, and allowed to dry. 
It explodes violently when heated to the temperature of 400°. 

1556. Bichloride of Platinum may be prepared by digest- 
ing metallic platinum in a mixture of nitric and hydrochloric 
acids, in the proportions recommended for separating it from its 
ores (1542), evaporating the solution to dryness by a gentle heat, 
dissolving the residuum in water, and filtering the solution. 

1557. In this process, the chlorine set at liberty by the reac- 
tion of the nitric and hydrochloric acids dissolve the platinum, 
none of these acids having any action upon this metal when per- 
fectly pure ; though it has been ascertained that nitric acid can 
dissolve it, when an alloy containing a small portion of this metal 
is digested in it. 

1558. The Chloride of Platinum (protochloride) is pre- 
pared by evaporating a solution of platinum in nitre-muriatic 
acid to dryness, treating the residuum with a small quantity of 
hydrochloric acid and heating it ; care must be taken not to beat 
it to redness. It may then be washed with water. 

1559. Iodide of Platinum is formed by heating iodide of 
potassium in solution with chloride of platinum. The chloride 
of potassium is found in solution, and the iodide of platinum is 
deposited, of a dark tint. 

Symb. IK & CIPt = IPt & OIK. 

1560. Biniodide or Periodide of Platinum is formed in a 
similar manner by boiling the bichloride of platinum in a solu- 
tion of iodide of potassium. Decomposition commences irnme- 



PALLADIUM, &C. 


433 


diatcly 011 mixing these materials, but there is little more than 
a change of colour at first, which gradually assumes a deep port- 
wine tint, nor is the precipitation rapid till ebullition commences. 
Two eqs. of iodide of potassium and one of bichloride of pla- 
tinum, give two of the chloride of potassium and one of binio- 
dide of platinum. 

Symb. 2IK & Cl 2 Pt = 2C1K & PPt. 

1561. Sulphuret and Bisulphuret of Platinum may be 
formed by the reaction of hydrosulphurie acid on the chloride 
and bichloride of platinum. 


CHAP. V.— PALLADIUM, RHODIUM, OSMIUM, AND 
IRIDIUM. 

The following metals being Arely made the subject of expe- 
riment by the beginner, a brief notice of them is considered suf- 
ficient in this place. 

1562. Palladium {Symb. Pd. Eq. 53.35. Sp.gr, 11.5). When 
a solution of the bicyanide of mercury is added to a neutral so- 
lution of platinum-ore, before or after the precipitation of pla- 
tinum by the addition of hydrochlorate of ammonia, palladium 
is precipitated in small fiocculi in combination with cyanogen. 
By the action of heat, the cyanogen is expelled and palladium 
left. In the Philosophical Transactions for 1829, already re- 
ferred to, Dr Wollaston describes the manner of rendering it 
malleable, which consists principally in heating it with sulphur 
at first, so as to produce a sulphuret, heating it again with borax 
and nitre ii\a crucible, roasting it afterwords at a dull red-heat, 
and striking it gently with a hammer, till at last the sulphur 
is expelled, and it becomes sufficiently dense to become mal- 
leable. 

1563. Palladium resembles platinum, but is harder and more 
fusible. It assumes a bluish colour when heated, by absorbing 
a minute quantity of oxygen, the oxidation being confined to 
the surface. Sulphuric, nitric, and hydrochloric acids all affect 
it, but it is dissolved most readily by the nitro-hydrochloric acid. 
It is precipitated in the metallic form by the green sulphate of 
iron, and by a number of the metals. The principal compounds 



434 


rhodium, Arc. 


of palladium that have hitherto been described are the oxide and 
binoxide, the chloride and the bichloride, the sulphuret, and a 
number of double salts, as the chloride of palladium and potas- 
sium. In the metallic form palladium possesses the same power 
of affecting a mixture of oxygen and hydrogen gases as platinum. 
The salts formed by its oxide have a tine red colour. 

1564. Rhodium (8ymb. K. Eq. 52.2. Sp.gr. 11). This metal 
is prepared by the following process. Introduce a plate of iron 
into the solution of the ore of platinum, after the palladium and 
most of the platinum have been separated. Rhodium is pre- 
cipitated in the metallic form along with platinum, lead, and 
copper. Digest the precipitate iq dilute nitric acid, by which 
the lead and copper are removed. The rhodium and platinum 
must now be eombined.witli chlorine and sodium, by dissolving 
them in mtro-hydrochloric acid and adding common salt, after 
which the liquid containing them maybe evaporated to dryness. 
The chloride of sodium and plalinmii is now removed by alcohol, 
in which the chloride of sodium and rhodium is insoluble. When 
the latter is dissolved in water, the rhodium may he precipitated 
from the solution by metallic zinc. 

1565. Rhodium is a hard -and brittle metal ; its colour is white 
when fused, requiring a very high temperature for this purpose. 
Acids do not oxidate or dissolve it when it is pure, though when 
combined with other metals, as* in the platinum-ore, the nitro- 
hydrocliloric acid dissolves it readily. By heating it with nitre 
or bisulphate of potassa or soda, it is oxidized with facility. Its 
salts have usually a re<J or yellow colour. 

1566. Two oxides of rhodium have been described, and a num- 
ber of other combinations, the most important of which is the 
sulphate of rhodium jyid potassium, formed by heating rhodium 
with the bisulphate of potassa, when part of the sulphuric acid 
is decomposed, oxidating the rhodium and evolving sulphurous 
acid. It produces a yellow colour when dissolved in water, and 
from this the presence of rhodium may be indicated in platinum, 
osmium, or iridium treated with the bisulpliate of potassa. 

1567. Osmium (Symb. Os. Eq. 99.7 ; Sp. gr. 10). To pre- 
pare osmium, the powder that remains after the ore of platinum 
has been digested in nitro-liydrochloric acid is employed. Three 
parts of it are mixed with one of nitre, and the mixture heated 
in a silver crucible till it assumes a pasty consistence, when the 
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osmic acid begins to be volatilized and to produce its character- 
istic odour. Remove the mixture ; when cold, dissolve the ox- 
ide of osmium, now in combination with potassa, by water, using 
no more than is necessary for this purpose. Then add to the so- 
lution aqueous sulphuric acid, previously diluted with its own 
weight of water, placing the materials in a retort, from which 
the osmium, combined with oxygen, is to be separated by the 
application of a sharp heat. It condenses in the receiver which 
is attached to the retort, and may be seen in part collecting be- 
low the water which is distilled at the same time, and forming 
a crystalline solid as it cools. By agitating the osmic acid with 
metallic mercury, osmium and oxide of mercury are formed; by 
adding a little hydrochloric acid, the oxide of mercury becomes 
M ater and chloride of mercury, and on the application of heat, 
metallic mercury and chloride of mercury are expelled, the me- 
tallic osmium being left in the form of a black powder. 

1568. Osmium forms four eftnpounds with oxygen, besides 
the osmic acid, which contains the largest quantity of this ele- 
ment. It inflames and combines with oxygen when heated in 
the open air. It attracts oxygen also rapidly from nitric acid 
and is dissolved, but when heated to* redness and rendered also 
more dense and metallic in its appearance by pressure, it is not 
affected either in air or nitric acid. 

1569. Osmic acid may be obtained by burning osmium, or by 
oxidating it by nitre or acids. It is volatile, soluble in water, 
and crystallizable. Its vapour is acrid, pungent, and irritating ; 
and the metal received the name of osmium from offfiri, odour, 
the volatility and odour of the acid it forms with oxygen being 
its most characteristic property. As a chemical agent, it re- 
sembles acids more than oxides, uniting w.itli alkalis and other 
salifiable bases. 

1570. Osmic acid in solution is .decomposed by sulphurous 
acid, the liquid acquiring successively a yellow, brown, green, 
and blue tint, as it loses more and more oxygen. The infusion 
of galls produces a purplish tint which gradually becomes blue. 

1571. Iridium ( Si/mb . Ir. Eq. 98.8 ; Sp.gr. 18.68 after fusion). 
The insoluble matter that remains, after the compound of osmic 
acid and potassa has been removed by water from the mixture 
of osmium and iridium fused with nitre (see 1567), contains the 
oxide ,of iridium and potassa. By digesting it in hydrochloric 
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acid, the iridium may afterwards be precipitated from the solu- 
tion in the metallic form by the addition of iron, tin, zinc, and 
other metals, excepting gold and platinum. 

1572. Iridium has a brilliant lustre and white colour. It 
requires the most intense heat of the galvanic battery for its 
fusion. It is not acted upon by air, even at a high temperature, 
unless in a minute state of division! It is not affected by the 
more important acids, and even chlorine, as in the nitro-hydro- 
ehloric acid, affects it feebly. Four different oxides have been 
described, which pass easily into each other, communicating; as 
they lose or gain oxygen, a variety of tints to the solution. The 
more usual tints observed are blue, olive, green, and red, and it 
is from the Facility with which these changes are induced, that 
this metal received the, name of iridium, from iris the rainbow. 


CHAP. VI.— ALLOYS.— AMALGAMS. 

157.3. Alloys are usually prepared by melting together the 
different metals of which they are composed. Those in which 
mercury forms a constituent part, which are termed Amalgams, 
may be formed by dissolving in mercury the other metals which 
they are to contain, when a large proportion of mercury is re- 
quired ; and by adding it to them after melting them, if the 
quantity of this metal required be comparatively small. 

1574. Though numerous metals combine apparently in almost 
unlimited proportions, still, a close examination of the resulting 
compounds tends to shew that these new combinations may, in 
numerous instances, *be more correctly considered as definite 
compounds of portions of the metals, mingled with any excess of 
either, according to the relative quantities in which they are 
mixed. In many cases, it has already been ascertained that 
when the alloys cool and consolidate from a state of fusion 
induced by heat, different states of consolidation may be ob- 
served, any excess of metal becoming solid in general before the 
alloy assumes the same form, and the temperature becoming 
stationary for some time from the latent heat evolved as these 
changes proceed. 

1575. Metals, in combining with each other, never lose the 
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metallic lustre, but in other respects they are in general very 
considerably changed, more especially in colour, density, hard- 
ness, malleability, elasticity, sonorousness, fusibility, pronencss to 
combination in general, and particularly in reference to the 
action of oxygen and the acids. — Their fusibility is generally 
increased. — Their density is sometimes greater, sometimes less. 
— Their malleability isfor the most part impaired; evenl— lOOOdth 
part of antimony and of some other brittle metals destroys in a 
great degree the malleability of gold. 

1576. By combination their tendency to chemical action is 
often increased ; an alloy of tin and lead burns like tinder when 
the combustion has been commenced by heating it in the flame 
of the blowpipe. Zinc, which dissolves with extreme slowness 
in dilute sulphuric acid when pure, is dissolved with great ra- 
pidity if it be combined with l-100dth part of iron ; and many 
have considered that in these cases, an electric action between 
tne iron and the zinc facilitates much the action of the zinc 
upon the acid. 

In the following paragraphs, the composition of some of the 
most important alloys is stated, small quantities of which may 
be easily prepared in the manner described. 

1577. Brass is composed of copper and zinc, usually in the 
proportion of three to one, and occasionally contains a small 
quantity of other metals. A small quantity may be easily pre- 
pared by melting two parts of copper in a crucible, covering it 
with a little salt and charcoal to protect it from the action of 
the air, and then putting in gently one part of zinc ; pour out 
the alloy as soon as the zinc has been completely melted, and the 
metals have been stirred together witli an iron rod. If the zinc 
and copper be put in together, a considerable quantity of the 
zinc is lost, being volatilized by the heat. 

1578. Twelve parts of copper are rendered yellow by one of 
zinc ; this tint increases with the proportion of zinc added to 
the alloy, till equal weights have been combined ; and when the 
proportion of zinc is still increased, the alloy begins to assume 
a white appearance, and becomes still more so as the addition 
of the zinc is continued. 

1579. On the large scale, brass is often prepared in a different 
manner in some manufactories. The impure oxide of zinc is 
mixe;d with charcoal and exposed to heat in a covered crucible, 
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pieces of sheet copper being imbedded with it. The zinc is 
reduced and converted into vapour, combining with the copper 
as it is disengaged, and forming brass ; when the process is 
conducted in this manner, the brass is s$id to be prepared by 
cementation . * 

1580. Dutch Gold, Pinchbeck, and Tombac, are composed 
of the same metals, and generally Contain a large quantity of 
zinc ; but various proportions are employed. 

1581. Bronze and (Jun Metal are alloys of copper and tin ; 
the proportions usually employed are about 8 or 9 parts of copper 
to 1 of tin. 

1582. Bell Metal is made of tin and copper, in various 
proportions ; 3 parts of copper and 1 of tin arc frequently used. 
In the Indian composition, 4 of copper and 1 of tin have been 
observed. 

1583. Speculum Metal, the alloy used for making the specula 
of reflecting telescopes, is composed of two parts of copper and 
one of tin ; a small quantity of zinc and arsenic, about one 
part of each to fifty of the alloy, may be added to it to improve 
its lustre. 

1584. White Copper (Chinese) contains in 100 parts, copper 
40.4, nickel 31.6, zinc 25.4, and iron 2.6 (Dr Fyfc). German 
Silver contains 8 of copper, 3 of nickel, 3£ of zinc, or other 
similar proportions of the same ingredients. 

1585. Tin and Antimony combine readily when melted to- 
gether. The tin may be separated from the antimony, when the 
proportion of the latter is small, by boiling hydrochloric acid. 

1586. The term Pewter is applied to some alloys com- 
posed of tin combined with various proportions of other metals. 
Antimony, zinc, and copper, are the metals generally employed 
for the better kinds of pewter, to which a small proportion of 
bismuth is frequently added.. Inferior kinds of pewter contain 
about one-fifth of their weight of lead. Tin foil is composed of 
tin w ith a portion of lead. 

1587. Plumber’s Solder is composed of equal parts of tin 
and lead, or 1 of tin to 2 of lead. A condensed view of an im- 
portant memoir on compounds of lead, tin, and mercury, is given 
in Dr Brewster’s Journal, vol. i. New Series. 

1588. The alloy used for making printing types consists prin- 
cipally of about three parts of lead and one of antimony. 
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1589. The Fusible Alloy is prepared by melting in a cru- 
cible eight parts of bismuth, live of lead, and three of tin. It 
fuses at the temperature of 210°. See 1605. 

1590. Rose has pointed out a more fusible compound of the 
same metals. It consists of two parts by weight of bismuth, 
one of lead, and one of tin ; it melts at a little above 200°. 

1591. Arsenic is extremely powerful in rendering the metals 
with which it combines both fusible and brittle. Even platinum 
melts at a red-heat when combined with j^tli part of arsenic. 
Copper, with T \jth part of arsenic, produces an alloy which is 
nearly as white as silver. 

1592. Lead, Tin, and Antimony also render platinum ex- 
tremely fusible ; a small quantity of any of these metals falling 
upon a red-hot platinum crucible renders it in general useless, 
the alloy of platinum that is formed melting and leaving an aper- 
ture in the crucible. 

1593. Gold Coin is composed of eleven parts of gold and one 
of copper. 

1594. Standard Silver is an alloy of twelve parts and a 
third of silver and one of copper. 

1595. Iron is coated with tin by, dipping it in a melted alloy 
consisting of ten parts of tin and one of copper. The copper 
prevents too large a quantity of tin from adhering to the iron ; 
the melted metal should be covered with a little tallow to pre- 
vent it from oxidating. Resin and liydroclilorate of ammonia 
are much used for the same purpose. Iron goblets are tinned 
with a similar mixture, which is usually rubbed upon them with 
a cork after heating them moderately over a small fire worked 
by a smith’s bellows. It is in this manner that Tinned Iron is 
prepared, consisting of thin sheet-iron coated with tin. 

1596. Copper vessels arc coated with tin by rubbing them 
over with liydroclilorate of ammonia, throwing a little powdered 
resin on them to prevent the copper from acquiring any crust of 
oxide, and spreading a little melted tin on their surface after 
exposing them to heat. 

1597. Copper may be coated with sftver after boiling in water 
with cream of tartar and alum, by rubbing it with the following 
mixture made into a paste with water one part of the bichlo- 
ride of mercury, four of silver precipitated from a solution of the 
uitvatc by copper, sixteen of common salt, and an equal quantity 
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of the liydrochlorate of ammonia. The copper must then be ex- 
posed to a red-heat, to drive off the mercury, after which the 
coating of metallic silver may be polished. 

1508. Steel has been alloyed with minute portions of silicum 
and aluminum, when it resembles the well-known Indian Steel 
termed Wootz. Stodart and Faraday who prepared this com- 
pound, combined steel also with y£ n tk of silver and other metals, 
by which they communicated to it increased hardness and tena- 
city. The hardest compound was formed with rhodium. 

1509. Steel may be gilded by the ethereal solution of gold 
prepared in the manner described in 1538, dipping it into the 
liquid and washing it immediately in, water. 

1600. Mercury amalgamates readily with a number of metals. 
Gold and silver are rendered very brittle when combined with a 
very small quantity of this metal. 

1601. Silver, copper, and brass are easily gilded by an amal- 
gam composed of eight parts of mercury and one of gold. This 
is prepared by heating a mixture of the above metals in these 
proportions till the gold is completely dissolved, and pouring it 
immediately into cold water to prevent any loss of mercury. T he 
metal to be gilded is previously washed with a dilute solution of 
the nitrate of mercury containing an excess of acid, and the 
amalgam is laid over as uniformly as possible with a brush made 
of brass-wire. By exposing it to heat in a furnace or over an 
open fire, the mercury is dissipated, and the coating of gold is 
left in combination with the metal, after which it may be po- 
lished. 

1602. Various compositions have been used as an amalgam 
for the electrical machine ; one part of zinc with an equal weight 
of tin and two parts of mercury does very well for this purpose. 

1603. When mercury is poured on tin-foil it spreads rapidly 
over its surface, forming an amalgam which is used in making 
looking-glasses. 

1604. An amalgam composed of one part of tin, one of lead, 
two of bismuth, and four of mercury, is employed for silvering 
the inside of hollow globes of glass. 

1605. If one part of mercury be added to the fusible alloy 
(1589) an amalgam will J>e obtained which becomes soft at 162°, 
and quite fluid at 170°. This is the compound of which fusible 
spoons are made. 
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1606. Three parts of mercury combined with one of lead 
and one of bismuth form an amalgam so fluid, that it may be 
pressed through chamois leather. 

1607. Serullas has described an alloy of potassium and anti- 
mony which may be easily prepared. f Mix intimately 1000 grains 
of cream of tartar and 1000 of metallic antimony reduced to 
powder. Expose the mixture to a red-heat in a crucible, capable 
of containing two or three times that quantity, and when it ap- 
pears quite fluid, remove the crucible, covering it up and allow- 
ing it to cool. On breaking the crucible, a conical mass of the 
alloy will be found. It is very brittle and tarnishes speedily on 
exposure to the air. 

1608. If a small portion be reduced to powder, and thrown 
into water, hydrogen gas is disengaged, and the solution that is 
obtained is highly alkaline, potassa being formed by the potas- 
sium attracting oxygen. 

1600. Many other metals may be combined with potassium 
or sodium, by heating them with cream of tartar, or carbonate 
of soda and charcoal, in the manner described in the preceding 
paragraph. An alloy of bismuth, combined with a considerable 
quantity of potassium, is obtained by heating 60 parts of cal- 
cined cream of tartar with 120 of bismuth and one of nitre. 
The cream of tartar is calcined by exposing it to a dull red- 
heat in an iron or earthen vessel, so as to exclude the action of 
the air. 
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PART I.— VEGETABLE SUBSTANCES. 

1610. Under this title, it is customary to comprehend not 
merely those proximate principles which are the direct product 
of vegetation, hut also all those that may be obtained most con- 
veniently (and in many cases solely) by the decomposition of 
these principles, or by their entering into new combinations. No 
branch of chemistry has been more extended of late years ; and 
indeed, every successive year, for some time past, new views have 
been developed so rapidly, as to have occasioned considerable 
embarrassment as to the nomenclature that ought to be adopted 
in respect to many of the most important combinations. 

1611. Vegetable substances, being composed principally of car- 
bon. oxygen and hydrogen, retained together by nicely balanced 
affinities, are in general very easily decomposed ; none of them 
can bear even a dull red-lieat, and most of them sulfcr decom- 
position at a much lower temperature. Hence in all experi- 
ments with substances* belonging to this class, great attention 
must be paid to the temperature to which they are exposed : the 
same renutrk applies to all the proximate principles peculiar to 
the animal kingdom, which are composed principally of oxygen, 
hydrogen, carbon, and nitrogen. 

1612. Nitrate of silver is the most delicate test of animal or 
vegetable matter in solution, according to Dr Davy. The solu- 
tion of the nitrate in pure water, he has remarked, is not altered 
by exposure to the sun’s rays, but when any liquid is added con- 
taining the minutest portion of animal or vegetable matter, the 
discoloration is strong. 
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1 613. The vegetable acids include a variety of compounds 
which are found in the vegetable kingdom, and are composed 
principally of oxygen, hydrogen, and carbon. Several of these 
may be formed artificially, as the oxalic and hydrocyanic acids, 
and are not therefore always classed along with the rest. The 
greater number of them can be obtained in the solid form ; they 
are mostly soluble in water and in alcohol, have the same ge- 
neral properties as the mineral acids, but are more feeble in 
their action, and are all decomposed by a red-heat, the carbon 
and hydrogen which they contain taking fire if they are at the 
same time exposed freely to the air. When heated in close 
vessels, so as to exclude the action of the air, the principal pro- 
ducts are carbonic acid, carbonic oxide, gases composed of car- 
bon and hydrogen, water, acetic acid, and an empyrcumatic oil. 
By nitric acid, they are in general converted into oxalic acid. 
When heated with sulphuric acid, they take away a portion of 
its oxygen, and sulphurous acid is evolved. 

1614. Among the various researches connected with the his- 
tory of vegetable acids, few are of greater novelty or interest 
than those of Pelouze, in which, by a process termed the white 
distillation, in consequence of no carbon being separated, and 
no dark tint therefore communicated to the materials, they can 
be resolved by the action of a carefully regulated temperature 
into new acids; water, carbonic acid, or both, being at the same 
time developed. Nor is it unreasonable to suppose, that the 
principle he has pointed out may be; greatly extended, and that, 
by the application of varied, but more precise and regulated tem- 
peratures than have hitherto been in general sustained in the 
examination of organic and inorganic compounds, a great addi- 
tion will be made to the power that is already attained of pro- 
ducing combinations and decompositions. 
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1. Acetic Acid. 

Symb. A, or 0 3 C 4 H 3 . Eq. by W 51.48 = 0.24 + 0.24-48 + H.3. 
The strongest acid that can be obtained ichen not in combination 
with a salifiable base is composed of one equivalent of dry acid 
and one of water . 

1615. Acetic acid exists in small quantities in the sap of many 
plants. It is usually prepared by exposing liquids that have 
undergone the vinous fermentation freely to the air, at a tempe- 
rature between 70° and 90°. Many vegetable juices which have 
never undergone the vinous fermentation are capable of passing 
at once to the acetous fermentation, and the action is promoted 
by a little ferment taken from a liquid in the same state of fer- 
mentation. A large quantity of oxygen is absorbed, and the 
vinegar which is produced consists of acetic acid, water, muci- 
laginous matters that have not been decomposed, and a little 
alcohol. Every two eqs. of alcohol and four of oxygen produce 
three of water and one of acetic acid. 

Symb. 2(OC’II 3 ) & 0 = 3 H & 0*CTF. 

1616. Acetic acid may be produced also by the slow combus- 
tion of alcohol, especially when assisted by the action of spongy 
platinum. 

1617. Acetic acid is now 1 prepared in large quantities by ex- 
posing wood to heat in iron-vessels. Charcoal remains ; much 
w atery vapour, and inflammable gases are disengaged ; and the 
products collected in the receiver consist of a dilute acetic acid, 
tar, an oily matter, and pyroxilic spirit. The tarry matter is 
removed, and lime added to the acid fluid till it is neutralized ; 
on exposing it to heat, the pyroxilic ( spirit is disengaged, and 
may be collected in a receiyer. To the solution of the acetate 
of lime, sulphate of soda is then added as long as any precipita- 
tion takes place ; sulphate of lime is thus thrown down, and 
acetate of soda remains in solution. On evaporating it to dry- 
ness, and heating it to about 540°, the impurities still associated 
with it are in a great measure decomposed ; by solution in water, 
filtration, and evaporation, it is obtained free from cliarry mat- 
ter ; and, on heating it with sulphuric acid in a retort, sulphate 
of soda is formed, and the acetic acid is condensed in a receiver 
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in combination with the water previously combined with the 
sulphuric acid. 

1618. According to the London College, two pounds of acetate 
of soda are subjected to heat in a retort after adding nine ounces 
of aqueous sulphuric acid previously diluted with nine fluid 
ounces of water. The acetate of soda contains six eqs. of water 
when crystallized. 100 parts of the acid thus prepared contain 
30.8 of dry acetic acid ; and 15 parts of this acid and 85 of 
water are equal in strength to distilled vinegar (Phillips). 

1610. Acetic acid contains occasionally a little sulphurous 
acid, from which it may be separated by a second distillation, 
mixing it previously with a little of the binoxide of manganese, 
by which the sulphurous acid is converted into sulphate of man- 
ganese. St/mb. iS&rMn^ziS’Mn. 

1620. The Edinburgh College directs it to be prepared by 

putting six parts of the dry sulphate of iron and five parts of 
the acetate of lead into a retort after they have been well mixed, 
and distilling from a sand-bath till no more acid is disengaged, 
condensing the product in a receiver. Here the sulphuric acid 
of the sulphate unites with the oxide of lead in the acetate, and 
disengages the acetic acid, oxide cf iron and sulphate of lead 
remaining in the retort. * 

1621. Strong acetic acid may be procured also by exposing 
some of the metallic acetates to heat without the addition of any 
acid. To prepare a little in this manner, fill a small green glass- 
retort half full of the acetate of copper, and expose it to heat 
over a good charcoal chauffer, condensing the product in the 
usual way ; if a green glass-retort cannot be obtained, take a 
flint glass-retort, and heat it by a sand-bath, or coat it with plas- 
ter of Paris, and then the chauffer may J>e used. The acid ob- 
tained in this manner is never pure, being always mixed with 
pyroacetic spirit, formed in consequence of a part of it being 
decomposed. This process is now rarely resorted to, since the 
decomposition of the acetate of soda has been introduced. 

1622. Acetic acid and water unite in all proportions, and the 
specific gravity of the compound is sometimes the same, though 
very different quantities of acid and water may be combined 
together. The following table shews its specific gravity when 
combined with one, four, and even seven atoms of water. — (Dr 
Thomson.) 



446 


ACETIC ACID. 


Specific gravity at 60°. 

Acid. 

Water. 

1.0G206 

1 equivalent 

1 equivalent 

1.07132 

1 

4 

1.00340 

1 

7 


Its density alone, therefore, cannot be taken as an index of 
its strength. 

1623. The weak acetic acid of the different Colleges is pre- 
pared by distilling vinegar, rejecting the first part out of every 
eight or ten, as it contains less acid and a portion of alcohol ; 
the next five or six are the weak acetic acid of the pharmaco- 
poeias, and the distillation is stopped when they have come over ; 
or the product is collected in a different receiver, as it then has 
an empyreumatic odour, from the mucilaginous matters which it 
contains beginning to be decomposed. Its specific gravity varies 
from 1.006 to 1.009 ; 1000 grains of acid of the latter specific 
gravity are neutralized by 145 grains of the crystallized carbonate 
of soda. It cannot be rendered stronger by distillation alone, 
as the acid and the water rise together on the application of 
heat. By exposing vinegar, or a weak acid to cold, most of the 
water freezes, leaving a,, stronger acid which may be separated 
by decantation. 

1624. The method of estimating the strength of acetic acid 
consists ill* ascertaining the quantity of crystallized carbonate of 
soda which it can neutralize, 51.48 parts (one equivalent) of dry 
acid being required for one equivalent of the carbonate. 

1625. Strong acetic acid has a very pungent and agreeable 
odour, and volatilizes rapidly when exposed to a moderate heat, 
producing an inflammable vapour, which is easily kindled. It 
crystallizes at a low temperature, and remains solid till heated 
again to 50°. Its acid properties are very well marked, neu- 
tralizing completely the different salifiable bjpises, and forming 
salts that are decomposed by heat, and easily distinguished by 
the odour of acetic acid which they emit when sulphuric acid is 
poured upon them. It reddens the vegetable blues powerfully, 
oxidates iron, copper, lead, zinc, and some other metals, and 
raises a blister on the skin when kept in contact with it for some 
time. It dissolves volatile oils, camphor, and the active prin- 
ciples of some of the most powerful vegetable medicines. 
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1626. Acetic acid is often sold in a very impure state. Sul- 

phuric and sulphurous acids may be detected by acetate of lead, 
which gives a white precipitate yvhen they are present. An ex- 
cess of ammonia renders it blue when it contains copper, and 
lead may be detected by hydrosulphuric acid, which gives a 
black precipitate. When pure, it leaves no residuum on eva- 
poration. • 

2. Tartaric Aciij. 

Symb. Tor O'C 1 !! 2 . Eq. by W. 66.48= 0.40 + 0.24.48+ H.2. Eq. 
of crystallized Tartaric Ajcid 75.48 (dry acid 66.48 + 0 water). 
It is soluble in fire parts of water at 60°. 

% 

1627. Tartaric acid is prepared by pouring 49.1 parts by 
weight of sulphuric acid on 130.98 of the common tartrate of 
bine, diffused through three or four times its weight of boiling- 
water, stirring the mixture occasionally for a day or two after it 
has been well rubbed in a mortar, and evaporating the liquid 
obtained by filtration through a linen bag. 130.98 parts of the 
common tartrate of lime must be us^d, as they contain 94.98 of 
dry tartrate and 36 of water. One equivalent of the tartrate of 
lime (94.98) is composed of 66.48 of acid and 28.5 of lime ; and 
tlu) 40.1 of drv sulphuric acid ih the quantity employed combine 
with the lime, and form 68.6 of the sulphate of lime, while the 
tartaric acid is disengaged, and remains in solution. Very little 
of the sulphate of lime is dissolved, as it requires a large quan- 
tity of water for its solution, and the tartaric acid crystallizes 
after the liquid is evaporated, which should be done in an 
earthen evaporating basin over a sand-bath, with a very mode- 
rate heat. The sulphate of lime in the liquid is deposited after 
the evaporation has been continued for some time, and should 
be separated by popring it into another vessel ; when the solu- 
tion has assumed a syrupy consistence, it may be set aside to 
crystallize. The crystals must be purified by a second crystal- 
lization. 

1628. The tartrate of lime is prepared by mixing chalk 1 
(carbonate of lime) in fine powder intimately with four times 
its weight of cream of tartar (composed of 180.16 bitartrate of 
potassa + 18 Avater), and throwing the mixture into 10 or 12 
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times its weight of* boiling water, adding small quantities at a 
time, that the effervescence which takes place may not be too 
violent. 94.98 parts of dry tartrate of lime are formed, 113.88 
parts of neutral tartrate of potassa remain in solution, and 22 
of carbonic acid are disengaged. The following diagram gives 
a view of the reaction that takes place, supposing the whole of 
the tartrate of lime to be precipitated ; a small portion generally 
remains in solution. 


Fig. 223 . 

Before Decomposition. 


After Decomposition . 


180.lt> Bi tartrate 
of Potassa 

50.62 Carbonate 
of Lime 


S Potassa 47-2 _^.l 13.68 Tartrate of Potassa. 

Tartaric A... 

Tartaric A... 66.48 

j Carbonic A. 22 . 12 ._^^~. _ 22.12 Carbonic Acid. 

j Lime 28.5 ^ 94.98 Tartrate of Lime. 


1629. An additional quantity of tartrate of lime majM>e ob- 
tained by adding a solution of the hydrochlorate of lime to tin* 
solution of the tartrate of potassa as long as any precipitation 
takes place ; the proportions in which the materials react on one 
another are represented bek>w. 

a 

Fig. SM4. 

Before Decomposition. 

1 13.68 Tartrate J Potassa 47.2 

. of Potassa ( Tartaric A. 66.48^ 

65 Hydrochlo. j H ydrocli . A ... 36 . 5^ 
of Lime ( Lime 28.5 

1630. Tartaric acid crystallizes in prisms ; it is soluble in five 
parts of cold and in two of boiling water ; its solution in water 
is very sour, but has an agreeable taste when sufficiently diluted ; 
it is also soluble in alcohol. When exposed to heat it is com- 
pletely decomposed ; and by destructive distillation a peculiar 
acid is formed, which has been termed from its mode of prepa- 
ration the Pyrotartaric acid. Tartaric acid ,js particularly dis- 
tinguished by forming with potassa a salt that is sparingly so- 
luble (bitartrate of potassa) when added in excess to this alkali, 
though the neutral tartrate of potassa and the tartrate and bi- 
tartrate of soda are very soluble. 

1631. Tartaric acid and many of its salts have the property 
of dissolving several metallic oxides, and of preventing them 
from being precipitated from their solutions by substances which 
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are in general capable of producing this effect. This may be 
easily seen by adding a little tartaric acid to a solution of the 
sulphate of iron, and then some ammonia in excess, which will 
not precipitate the oxide of iron after the tartaric acid has been 
mixed with the sulphate. 

1632. Tartaric acid decomposes carbonates with effervescence, 
and precipitates potassa from its solutions when they are not 
diluted with water, small crystals of the bitartrate being formed. 


3. (,'iT ric Acid. 

M/mb. O 4 C‘H\ ti,j. by W. 58.48 = 0.32 + C.24.48 + H.2. A7/. 
of crystallized citric acid 76.48 (dry acid-5 8.48 + 18 irater) ; it 
is soluble in less than its own weight of water at 60°, and boilinq 
water dissolves about twice as much ; it is also soluble in alcohol. 

1633. Citric acid is prepared by diffusing 86.98 parts (one 
equivalent) of the citrate of lime through water, and decompos- 
ing them with 49.1 of sulphuric acid, conducting the process in 
the manner directed for the preparation of tartaric acid. The 
sulphuric acid mixed with the citrate of lime forms sulphate of 
lime, the citric acid remaining in solution. By filtering and 
evaporating the solution in the same manner as the solution of 
tartaric acid, crystals are obtained, which must be purified by 
dissolving them in water and filtering the solution through paper, 
after which crystals may be procured as before. 

1634. The citrate of lime is obtained by adding chalk in fine 

powder to the juice of the lime or lemon as long as any effer- 
vescence takes place ; and is separated from the mucilaginous 
matters which the juice contains along with the acid, by wash- 
ing it repeatedly with water. In this process, the citric acid 
disengages the carbonic acid of the chalk as it combines with 
the lime. The specific gravity of the lemon juice varies con- 
siderably, and according to Dr Henry, a wine gallon usually 
affords from six to eight ounces avoirdupois of the crystallized 
acid. . 9 

1635. Citric acid bears a great resemblance to tartaric acid, 
but may be easily distinguished from it by carbonate of potassa, 
with which the solution of citric acid gives, no precipitate when 

Ff 
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added in excess. Tartaric acid may be detected in this man- 
ner, if it has been mixed with citric acid, a practice that is oc- 
casionally followed, as it is much cheaper than the citric acid. 

1636. A new acid, the Pyrocitric, is formed when citric 
acid is exposed to the action of heat. 


4. Oxalic Actd. 

Syrnb. :C 2 . Eq. by IF. 36.24 = 0.24 + C.12.24. Synth. ofteraqite- 
oui * or Cr, Oxalic Acid 3’ FT + :C 2 . Ft is soluble in 1.) parts of 
cold water , and in less than its oi{ % n weight of boiling water ; it is 
also soluble in alcohol. 

1637. Oxalic acid exists in the juice of the Oxafis acetosella 
or wood-sorrel and of many other plants, in combination with 
potassa or lime ; but it is almost always prepared by digesting 
sugar or waste syrups in nitric acid, or by heating saw-dust with 
potassa. 

1638. To illustrate the process by which it is obtained from 
sugar and nitric acid, fill a flask or retort about a third full of 
binaqueous nitric acid, diluted with one-half of its bulk of water 
(an ounce or two will lie a sufficient quantity on the small 
scale), and add, in small quantities at a time, a sixth part of its 
weight of refined sugar coarsely powdered. If necessary , apply 
a gentle heat to commence the action by a lamp or chauffer, 
which must then be removed till it becomes feeble : and evaporate 
the remaining liquid till it acquires the consistence of syrup, 
when it may be set aside to crystallize. Every TOO parts of 
sugar give about 60 of crystallized oxalic acid ; it must be puri- 
fied by solution in water and a second crystallization. When 
this process is adopted on the large scale, molasses may be used 
instead of refined sugar. 

1639. The precise nature of the reaction which takes place 
has not been very minutely investigated ; small quantities of 
malic and acetic acids are formed along with the oxalic acid. 
As oxalic acid contains no hydrogen, and the quantity formed 
is much less than the weight of sugar employed, its formation 
must depend on the oxygen of the nitric acid attracting the 
hydrogen and part of the carbon from the saccharine matter. 
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A large quantity of nitrous acid, binoxide of nitrogen, and car- 
bonic acid, is disengaged ; the fumes are very offensive, and the 
flask should be placed where they may be carried off. Many 
other substances give oxalic acid when treated in the same man- 
ner, as wool, hair, silk, tendon, alcohol, and gum arabic. 

1640. Starch has occasionally been substituted for sugar, 
four parts of acid being generally employed with one of starch, 
and added in successive portions. The drainings of the crys- 
tals give an additional quantity when treated with more nitric 
acid. 

1641, When oxalic acid is prepared by heating siiw-dust or 
other vegetable matters, along with lime or potassa, it must be 
exposed to a temperature between 400° and 500°. 

1042. The composition of oxalic acid is beautifully illustrated 
by heating it in a glass tubulated retort with five or six times 
itj weight of aqueous sulphuric acid ; all the water of crystalli- 
zation is withdrawn by this acid, while the carbon and oxygen 
arc resolved into equal measures of carbonic oxide and carbonic 
acid gases. 250 grains of the common oxalic acid will be suffi- 
cient for this purpose, heating them with the sulphuric acid in 
a retort capable of containing six or seven ounce measures when 
full, and collecting the gases that are evolved in jars over water 
at a common pneumatic trough. The carbonic oxide and acid 
gases are mixed together ; the former burns with a blue flame 
on applying a light, and the carbonic acid gas may be detected 
by lime water, with which it gives a copious white precipitate. 

1643. Oxalic acid crystallizes in four # and six sided prisms, 

has an extremely sour taste, and reddens sensibly litmus paper 
even when dissolved in 200,000 parts of water. It is resolved 
into carbonic acid and carbonic oxide whjm exposed to a high 
temperature, but may be .sublimed completely without further 
decomposition than losing two eqs. of its water of crystallization, 
if the heat does not exceed 330°, condensing in crystals upon 
the upper part of the flask in which it is heated. When the 
heat is rapidly urged it rises to 248° soon, and then increases to 
266°, every twelve equivalents of the Cr.. acid producing 12 of 
carbonic acid, 10 of carbonic oxide, 35 of water, and 1 of formic ' 
acid. * 

Symb. 12 (3 II + :C*) = 12:C, 10*C, 35-H, and :C*H. 

1644. It gives a white precipitate with lime-water, the oxa- 
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late of lime being very insoluble. It is also precipitated by ni- 
trate of silver, oxalate of silver being thrown down. This salt is 
decomposed with detonation by heat, metallic silver being left. 

1645. Oxalic acid is a powerful poison, and has proved fatal 
occasionally, even when diluted with a large quantity of water 
and taken as an acidulous drink ; two or three drachms are suf- 
ficient to produce death. The soluble oxalates arc also poison- 
ous. Drs Christison and Coindet, in an able memoir on poi- 
soning by oxalic acid, in the Edinburgh Medical and Surgical 
Journal, have shewn that chalk and magnesia arc certain anti- 
dotes to this poison when administered in proper time, the oxa- 
lates of lime and magnesia which, arc formed being quite inert. 

1646. Most cases of poisoning by this acid have arisen from 
its having been mistaken for Epsom salts (sulphate of magne- 
sia), to which it bears a considerable resemblance in external 
appearance when the crystals are small ; they are easily distin- 
guished from each other, however, by a number of simple tests. 
Oxalic acid has a very sour taste, reddens the vegetable blues, 
effervesces with a solution of the carbonate of potassa or of soda, 
and is completely dissipated by heat ; sulphate of magnesia, 
again, has a pure bitter taste, does not affect the vegetable co- 
lours, gives a white precipitate with solutions of the alkaline 
carbonates mentioned, but does not produce any effervescence, 
and parts with its water of crystallization on exposure to heat, 
w ithout undergoing any further change. An emetic should be 
taken and large draughts of warm water to promote its action, 
in the first instance, 0 £ the stomach pump may be employed. 

1647. All the oxalates are decomposed by heat. Those that 

are soluble in water give a copious precipitate with salts of 
lime ; and on digesting it with a sufficient quantity of sulphuric 
acid, sulphate of lime is formed, thg oxalic acid remaining in 
solution. , 

c 

1648. Oxalate of lime, precipitated at 60° and dried, contains 
two eqs. of water ; dried at 212° it contains one ; and dried at 
500° it is anhydrous. 

1649. Ox amide is the name given to a compound produced 

by distillation from the oxalate of ammonia. Its symbol is 
0 2 C 2 H 2 N. * 

1650. Solutions of oxalic acid give crystals of oxalate of am- 
monia with extreme facility, when neutralized by this alkali and 
concentrated. 
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5 . Benzoic Acid. 

tiymb. B, or 0 3 C I4 H\ Eq. by W. 114.68=0.24+ C.85.68 + H.5. 
Fuses at 230°, and at the same time begins to sublime . It re- 
quires 24 parts of boiling water for its solution , and is very spa- 
ringly soluble in cold water. It is dissolved by alcohol . 

1651. Benzoic acid is obtained by sublimation from gum-ben- 
zoin, in which it exists mixed with resin and other vegetable 
matters, and this is said to be the most productive process and 
also the least troublesome. An ounce or two of the gum re- 
duced to powder may be put into a glass, or earthenware vessel, 
and a tall cone of paper placed over it. Heat is applied by a 
sand-bath, and the temperature is gradually raised till the acid 
rises in white fumes and condenses on the sides of the paper. 

1652. Another process for obtaining this acid is preferred by 

many, as it is not then contaminated with any empyreumatic 
oil, which is always mixed with it when prepared by sublima- 
tion. The Edinburgh College directs three parts of the gum 
to be reduced to a fine powder and intimately mixed with one 
part of the carbonate of soda. The mixture is then boiled for 
half an hour in twenty-four parts of water, the liquor poured 
off, and the residuum boiled again with nine parts of water. 
The benzoic acid combines with the soda of the carbonate, 
forming benzoate of soda, which remains in solution, and the 
carbonic acid is separated with effervescence ; the other parts 
of the benzoin are not dissolved. The mixed decoctions are 
then filtered and evaporated till only two .parts remain, and on 
adding sulphuric acid, previously diluted with seven parts of 
water, as long as any precipitation takes place, the benzoic acid 
is thrown down, and sulphate of soda remains in the liquid, from 
which the benzoic acid is separated by filtration. It is after- 
wards dried and sublimed to obtain it in the light feathery and 
crystalline form in which it is known by the name of Flowers 
of Benzoin. Both processes may be easily conducted with an 
ounce or two of the gum. * 

1653. A modification of ScheeleVs process for preparing ben- 
zoic acid has been adopted by the Dublin College. Five parts 
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of gum-benzoin are triturated with one of lime, and boiled in 
about 100 parts of water. The liquid is then decanted, and 
the residuum boiled with 70 parts of water, after which these 
liquids are mixed, evaporated to a half, and filtered through 
paper. Tn this manner a solution of the benzoate of lime is 
procured, and on decomposing it by adding one part of hydro- 
chloric acid, the benzoic acid is precipitated, and hydrochlorate 
of lime remains in solution. By filtration, the hydrochlorate of 
lime is separated, after which the benzoic acid may be washed 
with a little cold water, and then dried and sublimed. 

1654. The benzoic acid procured by either of these processes 
may be sublimed in the manner described in 1651, page 453, or 
merely by heating it in a glass-flask, the upper part of which 
is not exposed to the cjirect action of the heat ; a lamp or small 
chauffer will do very well. The crystals of benzoic acid collect 
in the upper part of the flask, and may be withdrawn b\ shaking 
it with the mouth downwards over a sheet of paper. 

1655. Benzoic acid exists in several other productions of the 

vegetable world, and in the urine of children and graminivorous 
animals. * 

1656. Pure benzoic acid is very white, and has a shining lustre. 
Its odour is fragrant and peculiar, hut M. Giese attributes this 
to the presence of a small portion of oil. It burns with a yellow 
flame when exposed suddenly to a strong heat. 

1657. Benzoic acid, when combined with soda or ammonia, 
has the property of separating the peroxide of iron completely 
from its neutral solutions, and is used frequently for this purpose 
in analytical chemistry, especially when the iron is associated 
witli manganese, which it does not precipitate. 

1658. Benzule is r the name given to a principle which is 
represented by 0 2 C lt li ) , and, according to Liebig and Wohler, 
benzoic acid may be represented as an oxide of* benzole. 


6. Gallic Acid, Succinic Acid, &c. 

1659. Gallic Acid. (8ymb. G, or O r ’C 6 7 H 3 . E<j . 85.84.) It 
is usually obtained by exposing an infusion of gall-nuts to the 
air for six or eight weeks, when the acid is deposited in small 
crystals. More may be obtained by evaporating the liquid still 
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remaining to the consistence of syrup ; mixed with colouring 
matter, however, and a peculiar acid which Braconnot has termed 
the Ellagic, which contains an equivalent less of oxygen and 
hydrogen than the gallic acid. Gallic acid crystals dissolve in 
100 parts of cold water ; they are also soluble in alcohol. It 
takes fire when exposed to heat ; and is distinguished by the very 
dark precipitate that it gives with salts of iron, which is the 
basis of black ink. When combined with tannin, with which 
it is usually associated, it lias the important property of preci- 
pitating most of the metallic oxides from their solutions, even 
when they are united with the more powerful acids,' and is ac- 
cordingly much employed as a reagent. For this purpose an 
infusion of gall-nuts is frequently used, being usually made by 
pouring a few ounces of boiling water over every ounce of galls, 
and allowing the mixture to stand for some time before filtra- 
tion. The tincture is often preferred, as it is less liable to be 
decomposed on being kept ; it may be prepared by digesting the 
powder of the gall-nuts in alcohol. 

1 (>(>(). Pviiogallic Acid is formed when gallic acid is exposed 
to a temperature between 410° and 420 \ bfeing then separated 
by sublimation. Metagallic acid i$ produced when the tempe- 
rature is increased to 264°. 

1001. Succinic Acid (Symb. 8, or O y C 4 H 2 . Eq . 50.48) is 
prepared by exposing amber, aftbr it has been reduced to powder 
and mixed with an equal weight of sand, to heat in a green 
glass or coated flint-glass retort, heating the mixture by a 
chauffer, or on the large scale by a sand-bath. A consider- 
able quantity of oily matter comes over, and succinic acid is 
deposited in crystals on the neck of the retort and sides of 
the receiver. They are purified by dissolving them in nitric 
acid by the application of heat, and ev&porating the liquid to 
dryness, taking care not to expose the residuum to a tempera- 
ture sufficient to sublime it ; in this manner the emjiyreumatic 
oily matter is completely decomposed, and the succinic acid left 
quite pure. The crystals contain one eq. of water. It may be 
obtained anhydrous, by distillation after mixing it with dry 
phosphoric acid. In combination with ammonia, it is used 
to separate iron from some of its combinations in analytical 
processes. 
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1662. Bolktic Acid is obtained from the juice of the Boletus 
pseudo-igniarius. 

1663. Igasuric Acid exists in the nux vomica in combination 
with strychnia. (See Strychnia.) 

1664. Camphoric Acid is prepared by digesting camphor in 
nitric acid. 

1665. Malic Acid is found in unripe apples, mid in the juice 
of a great number of fruits. The acid obtained from the berries 
of the Sorb us auouparia was formerly termed Sorbic Acid, but 
it has now been proved to be malic acid. Distilled at 349°, 
Pelouze found that it was resolved into two isomeric acids, the 
equisetic or maleic, and the fumaf.ic or paramaleic. 

1666. Mucic or Saccholactic Acid is formed by digesting 
sugar of milk or gum in nitric acid. Paramucic acid is the 
name given to another acid, isomeric with the mucic acid. When 
exposed to heat in close vessels, a peculiar acid, which has been 
termed the pyromucic, is obtained. 

1667. Oxalhydkic Acid is obtained by the action of di- 
luted nitric acid upon gum and a number of other substances, 
and is now considered to be essentially different from the mucic 
acid. 

1668. Mellitic Acid is obtained by boiling the Honey-Stone 
in 60 or 70 parts of water and concentrating the solution, when 
it is deposited in small crystals. The large (quantity of water 
employed is found sufficient to separate it from the alumina with 
which it is combined in the honey-stone. 

1669. Moroxylic Acid was discovered in combination with 
lime, exuding from the bark of the white mulberry tree. Me- 
nispkrmic Acid is found in the seeds of the Men 'ispermum cocculm , 
and Fungic Acid in the MeruUus cantharellus and several other 
plants. Carbazotic &cid is obtained by the action of nitric 
acid on indigo. 

1670. Pectic Acid is found# in a number of plants, and is 
particularly distinguished by its tendency to form a coagulum 
or gelatinous mass with water. 

1671. Numerous other vegetable acids might be mentioned, 
but it will be sufficient to notice the more important under the 
history of the various substances with which they are generally 
associated, as the meconic acid under morphia, these substances 
being associated together in opium. 
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7. HYDROCYANIC OR PRUSSIC ACID. 

The history of Hydrocyanic Acid has now become so extended 
by recent researches, that it will be considered most conveniently 
under different sections. * 


• Cyanogen, or Ricarburet of Nitrogen. 

iSymb. 0 2 N. Eq. by W. 20.44 = C.12.24 + 14*2 N. Eq. by 
Volume □ (one measure). Sp. gr. 1.82. 100 c.i, weigh 56.5 

grains. Gaseous , transparent , colourless, inflammable , burning 
with a beautiful purplish flame. Condensed into the liquid form 
at 45% by a pressure of 3.6 atmospheres. 

1672. The bicarburet of nitrogen, discovered by Gay Lussac, 
received the name of Cyanogen from ^uai/og, purple, being one of 
the essential ingredients in Prussian blue. It is obtained in the 
gaseous form by exposing the bicyanide of mercury (a compound 
of metallic mercury and cyanogen) to heat in a small glass-retort, 
and collecting the gas that is disengaged at the mercurial 
trough. Green glass-retorts should be taken when they can be 
obtained, or an iron tube-retort ; an ounce of the bicyanide gives 
a considerable quantity of gas, and when only a very small quan- 
tity is required, it may be procured by, heating a little of the 
bicyanide in a bent tube with a spirit-lamp. 

In conducting this process, the bicyanide should not till the 
retort more than half-full, and ought to be perfectly dry. The 
heat applied should be sufficient to expel the cyanogen slowly 
and steadily, as it is liable to be decomposed by a Jiigher tem- 
perature. The mercury is vofatilized as the gas is disengaged. 
The bicyanide melts and becomes black before it is decom- 
posed. Towards the end of the process, a black-looking sub- 
stance is formed, consisting, according to Mr Johnston, of the 
same elements as cyanogen, united in the same proportion, and 
termed Paracyanogen. 

1673. The Bicyanide of Mercury is prepared by boiling 8 
parte of purified Prussian blue, 11 of the peroxide (binoxide) of 
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mercury, ami 30 of water, in an earthen evaporating basin, re- 
ducing both to a fine powder previously, and continuing the heat 
for ten or fifteen minutes. The Prussian blue consists of iron, 
cyanogen, oxygen, and hydrogen, and is obtained .sufficiently 
pure for this purpose by digesting the Prussian blue of commerce 
in hydrochloric acid diluted with* ten times its bulk of water, 
which removes the alumina and other foreign matters it usually 
contains, washing it repeatedly with water till the excess of acid 
has been removed. In this process, each equivalent of peroxide 
of mercury acquires two equivalents of hydrocyanic acid from 
the Prussian blue, and is converted into biperhydrocyanate of 
mercury. The biperhydrocyanate remaining in solution is sepa- 
rated by filtration, and on evaporating the liquid till a pellicle 
appears on its surface, crystals of the bicyanide of mercury are 
obtained v lien it cools ; the two equivalents of hydrogen in the 
two of hydrocyanic acid, uniting with the oxygen of the peroxide, 
while the cyanogen goes to the metallic mercury, in the nianneV 
shewn in the following diagram : 


Before Decomposition. 

Hydrocyanic Acid 
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255.88 Ilicyan. of Merc. 


Syrnb. 2 (HC*N) + :Ilg = 2 -II & 2 (C*N) + Hg. 


1674. Some chemists prefer preparing Prussian blue by the 
action of a solution of the ferrocyanate of potassa, added to a 
solution of a liydrochV>rate of the peroxide of iron, as long as 
any precipitation takes place. It is obtained in this manner of 
a tine deep, blue colour at ovice, and is purified by agitating it 
with water in a large jar two or three times, decanting the water 
when the precipitate subsides. It is afterwards to be dried be- 
fore the fire on a linen cloth till it becomes hard and brittle. 
When prepared in this way, fine crystals of the bicyanidc of 
mercury are procured at once on filtering the liquid prepared by 
boiling it with the peroxide of mercury in the proportions recom- 
mended ; and the saturated solution which remains after crystal- 
lization gives an additional quantity on further evaporation. 
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1G75. When the solution contains an excess of peroxide of 
mercury, it has hcen recommended to neutralize it by pure hy- 
drocyanic or hydrochloric acid ; small scaly-looking crystals Vicing 
formed, instead of long slender prisms, when this is not attended 
to. These small crystals do not give any cyanogen on exposing 
them to heat. They are composed of the bicyanide and per- 
oxide of mercury ; and when decomposed by heat, the oxygen of 
the oxide uniting with the carbon of the cyanogen forms car- 
bonic acid and carbonic oxide, nitrogen gas being liberated at 
the same 1 time. 

IG7G. Another process for the preparation of the bicyanide of 
mercury consists in adding the peroxide of mercury finely pounded 
in minute successive portions to hydrocyanic acid diluted with 
twenty parts of water. The same changes take place between 
the peroxide and the hydrocyanic acid which have already hcen 
explained. In conducting this process, the mixture must be re- 
peatedly agitated, and afterwards heated. Strong hydrocyanic 
acid must not be employed, as when it comes in contact with the 
peroxide of mercury in a minute state of division, considerable 
heat is produced, and it might be converted rapidly into vapour 
with great danger to the operator. In heating and concentrating 
the solution, also, unless all excess of the acid be combined with 
the peroxide previously, the fumes that escape must be carried 
off carefully at a ventilator. 

1077. Little or no cyanogen is obtained from the bicyanide 
when it is moist ; the hydrogen of the water converts one part of 
the cyanogen into hydrocyanic acid, and forms ammonia with 
the nitrogen of another portion, the oxygen combining at the 
same time with the carbon and producing carbonic acid. 

LG78. Cyanogen gas is transparent and colourless, and has a 
peculiar pungent odour. # It can bear a touch higher temperature 
than most other compound gases containing carbon without de- 
composition. It cannot support combustion, but burns with a 
beautiful purple flame ; a small jar filled with it at the mercu - 
rial trough will be sufficient to shew its inflammability, or it 
may be inflamed as it is disengaged from a small tube, the open 
extremity having been drawn out to a small point at the blow- 
pipe. It consumes twice its volume of oxygen during its com- 
bustion, each equivalent of carbon taking two of oxygen and 
forming carbonic acid gas, while the pitrogen is disengaged. 
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When it is mixed with pure oxygen in this proportion, the 
mixture must be put into the detonating bottle before it is in- 
flamed. 

1679. Water can absorb more than four times its volume of 
this gas, and alcohol can dissolve twenty-three times its volume. 
Cyanogen combines with the metals forming a class of com- 
pounds which have been called Cyanides, and Cyanurets. It 
also forms acids by combining with oxygen and hydrogen, and 
a number of other compounds, the most important of which are 
described in the subsequent sections. 


Hydrocyanic or Prussic Acid. 

* < 

Syrnb. HC*N. Eq. by W. 27.44 = cyanogen 26.44 + 1 hydrogen ; 
by volmne Lil ( two measures ) ; specific gravity of the liquid 
acid 0.7508 at 45° ,* it boils at the temperature of 80° and 
freezes at zero . Specific gravity of the vapour of hydrocyanic 
acid 0.94. Weight of 100 c. i. 29.3 grains. 

1680. As hydrocyanic acid is a powerful poison, acting per- 
haps more instantaneously than any other, all experiments with 
it must be performed with the greatest caution. Several fatal 
accidents have already occurred from persons operating with it 
who were not fully aware of its nature ; and even the fumes of 
the acid are apt to induce a state of stupor when they are in- 
cautiously inhaled, though diluted with a large quantity of air. 

1681. Vauquelms process for preparing the strong acid con- 
sists in transmitting a stream of hydrosulpliuric acid slowly over 
the bicyanide of merqury, heated gently in a tube (which may 
be about 18 inches long and at least hqlf an inch in diameter in- 
ternally) nearly filled with this substance, and placed horizon - 

Fig. 226 . tally, in the manner repre- 

fr— e sented in figure 226. The 

hydrosulphuric acid is pas- 
sed over it till the whole of 
the bi cyanide lias become 
black, none of this gas escaping through the other extremity of 
the tube till all the bicyanide is decomposed ; and whenever the 
odour of hydrosulphuric acid is perceived at the mouth of the 
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receiver, the tube a 9 connected with the apparatus in which the 
gas is produced, is withdrawn, and the extremity of the other 
tube into which it was previously inserted is closed with a little 
plaster of Paris, or with a glass-stopper luted tightly to it. It is 
heated gently when the lute has set, and the hydrocyanic acid 
which has been formed is volatilized and condensed in a small 
receiver placed in a freezing mixture. 

1682. One equivalent of the bicyanide requires two equiva- 
lents of liydrosulphuric acid for its complete decomposition, and 
twv) equivalents of hydrocyanic acid and one of the bisulphuret 
of mercury are obtained ; the following diagram gives a view of 
the action that takes place s — • 


Rtf ore Decomposition. 
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Bicyanide of 
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Symb. 2 HS & 2 (C*N) + Ilg = 2 (IIC*N) & S*Hg. 


1683. The hydrocyanic acid obtained in this manner is very 
strong and pure, and equal in weight, when carefully collected, 
to about a fifth part of the bicyanide employed. 

1684. There is another method of preparing this acid in a 
concentrated state. Pour nine parts bv weight of hydrochloric 
acid, specific gravity 1.15, on ten of the bicyanide of mercury in 
a small glass-retort, the beak of which is connected with a re- 
ceiver or tube in the manner represented in Fig. 226, the tube 
being filled with fragments of marble and chloride of calcium. 
A reaction takes place between the bicyanide of mercury and 
the hydrochloric acid (which is composed of chlorine And hydro- 
gen), exactly similar to what has been illustrated in the prece- 
ding diagram with hydrosulphuric acid ; the chlorine, in two 
equivalents of the acid, combining with the mercury in one 
equivalent of the bicyanide, and forming bichloride of mercury, 
while the corresponding equivalents of hydrogen and cyanogen 
unite and produce two of hydrocyanic acid. The hydrocyanic 
acid is always mixed at first with a little water and hydrochlo- 
ric acid ; the tube in which it condenses should be kept cold. 
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On removing the retort ami closing the extremity of the tube, 
it passes over into the receiver when a gentle heat is applied, 
the chloride of calcium retaining the water, and the marble the 
hydrochloric acid. A slight excess of the bi cyanide is employed 
to prevent as much as possible the escape of any hydrochloric 
acid. Symb. 2HC1 & 2 (C 2 N) + Hg = 2 (HC*N) & CPIlg. 

1685. Concentrated hydrocyanic acid is speedily decomposed 
by the reaction of its elements, and a diluted acid is employed 
for most chemical and all medical purposes. In this state, 
it may be procured with great facility from the ferrocyanate’ of 
potassa. According to the London College the materials em- 
ployed are used in the following proportions : — 

Ferrocyanate of' potjnssa . . . two ounces. 

Aqueous sulphuric acid . . . oho and a halt’ ounces. 

Distilled water .... a pint and a half. 

The acid is mixed with four fluid ounces of the water and al- 
lowed io cool ; it is then poured upon the ferrocyanate dissolved 
in half a pint of the water, in a flask with a bent tube, adapt- 
ed to it by a cork, or in a retort ; and eight fluid ounces of the 
water being put into a receiver, the diluted hydrocyanic acid 
which escapes on the application of li&it is distilled into it, re- 
moving the receiver when six fluid ounces have passed into it. 
To obtain it of the strength required by the College, six more 
ounces of water are recommended to be then added, or as much 
as may he sufficient to enable 100 grains to be entirely and ac- 
curately decomposed by 12.7 grains of nitrate of silver previ- 
ously dissolved in distilled water. 

1686. In this process a complicated action takes place accor- 
ding to Professor Evfiritt ; the following is the explanation he 
gives : — The salt employed contains* 3 cqs. of cyanogen com- 
bined with 2 of potassium, 1 of iron, and 3 of water ; and 6 eqs. 
of the aqueous sulphuric acid decompose 2 of the ferrocyanate, 
the products being 3 eqs. of bisulphate of potassa, 3 of hydrocy- 
anic acid, and 1 of a yellow salt composed of 1 eq. of cyanide of 
potassium, 2 of cyanide of iron, and 9 of water, 3 cqs. of which 
only are decomposed. Symb . 2 (3 C 2 N + 2 K 4- Fe) & 3*H & 
6: S = 3 (2:S + -K) & 3 (HC 2 N) & C*NK + 2 (C*NFc). 

The distillation should be conducted slowly with a gentle heat, 
as that of a sand-bath. Care must be taken to preserve the 
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receiver cool. The acid prepared in this manner often acquires 
a bluish tint on being kept, from a small quantity of iron, carried 
over from the ferrocyanate during distillation, being converted 
into Prussian blue by reacting on part of the acid ; by distilla- 
tion it may be obtained colourless. 

1687. Another method, which Dr Ure recommends when a 
concentrated acid is not required is, to pass a stream of hydro- 
sulpliuric acid gas through a solution of the bicyanide of mer- 
cury till no more sulpliuret of mercury is precipitated, and to 
agitate the hydrocyanic acid which remains in solution with 
carbonate of lead as long as it is rendered black, to remove 
the excess of hydrosulphuriq acid.* The same reaction takes 
place that has been already described, and the solution which is 
obtained is transparent and colourless when properly prepared. 

1688. The diluted acid prepared at the Apothecaries’ Hall 
in London is obtained, according to Brande, by distillation from 
one part of bicyanide of mercury mixed with an equal weight of 
hydrochloric acid (sp. gr. 1.15) and six parts of water ; continuing 
the distillation till the liquid condensed is equal to the water 
employed. Here a slight excess of hydrochloric acid is em- 
ployed. Perhaps it would be better to employ a slight excess 
of* the bicyanide, to prevent any hydrochloric acid passing over 
into the receiver. 

* 

1686. A very convenient process for preparing hydrocyanic 
acid for medicinal use, was pointed out by Professor Clarke in 
the 14th Number of the Glasgow Medical Journal. The follow- 
ing is his formula : — 

“ Take of 

Tartaric acid, . . . . # 72 grains. 

Cyanide of potassium, ... 32 do. 

Distilled water," .... an ounce. 

• > 

In an ounce phial, furnished with a cork or stopper, which should, 
by previous examination, be ascertained to be sufficient, dissolve 
the tartaric acid in the water. Then add the cyanide of potas- 
sium, and immediately thereafter insert the cork or stopper, 
which for a little must he preserved firmly in its situation by 
the finger. Meanwhile agitate, keeping the phial immersed in 

4 * Sec par. 335, page l69. 
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a basin of cold water, in order to repress the heat produced in 
the process. When all action lias ceased, set the phial aside 
in a cool and dark place for twelve hours, in order that the 
cream of tartar formed may subside. Afterwards decant the 
liquor, which preserve in a cool and dark place. 

“ An ounce of water dissolves no more than about 5 grains of 
cream of tartar, and its soluble power is likely to be diminished 
by the presence of hydrocyanic acid ; therefore, all the cream of 
tartar formed, except 5* grains, that is 86 grains, will subside ; 
and the water will hold in solution, besides these 5 grains «of 
cream of tartar, 13 grains of hydrocyanic acid. But this solu- 
tion will contain about 26 full doses (we will say 25) of hydro- 
cyanic acid. Of cream of tartar, therefore, each dose will con- 
tain only or one-fifth of a grain.” 

1690. The cyanide of pqtassium consists of 26.44 parts of cya- 
nogen (one equivalent), and 39.2 of potassium (one equivalent) ; 
it decomposes one equivalent of water, the cyanogen forming 
hydrocyanic acid with the hydrogen, and the potassium being 
converted into potassa by combining with the oxygen. Two 
equivalents of tartaric acid (66.48 x 2) contained in 150.90 of 
the crystallized acid, are required to form cream of tartar with 
the potassa, 27.44 parts (one equivalent) of hydrocyanic acid 
being then left in solution w ith a small quantity of the bitartrate. 
In the above formula, Professor Clarke has omitted some frac- 
tions, which he considered too unimportant to be noticed. 

1691. The cyanide of potassium is procured from the ferro- 
cyanate of potassa. This salt is regarded as a compound of 
water, cyanide of potassium, and cyanide of iron ; and by ex- 
posing it to a red-heat in an iron-bottle as long as any gas is 
disengaged, after expelling water by a moderate heat, all the 
cyanide of iron is decomposed, but nqne of the cyanide of po- 
tassium. £are must be taken to exclude the action of the air, 
otherwise the cyanide of potassium will also be decomposed. 
On boiling the residuum with water, and filtering, a solution is 
obtained, which gives crystals of the cyanide of potassium on 
evaporation. This salt has also been found by Professor Clarke 
to be produced as an incidental product at some of the blast 
furnaces for the preparation of iron ; the minutiae connected 
with its production from this source, have not yet been explained. 

1692. Another process for preparing quickly the diluted hydro- 
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cyanic acid, consists in mixing intimately l>y agitation in a well 
stopped phial 


4H grains of (Cyanide of Silver, 

SO 4 - of common Hydrochloric Acid. 

1 fluid ounce of Distilled Water. 

Thu hydrogen of the hydrochloric acid combines with the cya- 
nogen of the cyanide and remains in solution ; chloride of silver 
is left. The solution is to he decanted, and preserved from the 
aeeess of light. 

Si/tith. C*NAg and* UC1 - HC ,a N and ClAg. 

1693. Tin* cyanide of silver may In* procured by adding hv- 
droevanate of potassa to a solution of* th<* nitrate of silver. It 
is precipitated immediately, and, after being washed, must be 
dried cautiously, as it is decomposed rapidly when heated. 

1 1)04. Pure and concentrated hydrocyanic acid is a limpid 
fluid like water, but has a strong and penetrating odour, pro- 
ducing severe hcadach, with nausea, and even fainting, when 
the vapour which it emits is incautiously inspired. I have seen 
a very stout man so much affected' hv smelling some diluted 
acid, which had Tieen prepared three months before from the 
ferroevanate of potassa, by the .process described in 1685, that 
the bottle containing it fell out of his hand, and for half an 
hour afterwards lie was almost totally unconscious of what was 
going on around him. It is seldom that the diluted acid affects 
any one so powerfully, but this shews the great care which should 
lie taken in making any experiments with this substance. A 
single drop of the strong acid, introduced into the throat of a 
large dog, kills it after a few hurried inspirations. Its odour is 
similar to that of the peach blossom, hitter almond, &c., which 
indeed derive their agreeable flavour from the presence of a 
small quantity of this acid. The diluted acid may he kept for 
many months after it has been prepared, if excluded from the 
light, especially if prepared from the ferrocyanate of potassa 
by sulphuric acid, when it can he kept for years, probably owing 
to the presence of a minute quantity of sulphuric acid. But the 
strong acid is sometimes decomposed in a few hours after it has 
been made, and can seldom be 1 kept more than a fortnight at 
ordinary temperatures. 
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Its taste is cool at first, but it soon becomes hot and irritating*. 
It evaporates rapidly when exposed to the air : if a drop be sus- 
pended at the extremity of a small rod, part of it is congealed 
by the cold produced by the evaporation of the rest. With water 
•and with alcohol it combines in all proportions. It reddens the 
infusion of litmus faintly, combines with the salifiable bases, for 
which it has a feeble affinity, but does not neutralize them, and 
may be displaced even by the carbonic acid. 

1095. When hydrocyanic acid is not diluted with much 
water, it may be obtained in a very concentrated form, if' not. 
in a state of absolute purity, by adding cautiously to it chloride 
of calcium in an extremely minute state of division, and in 
small successive portions, cooling the phial in which the mate- 
rials are placed after .each addition, by placing it in a freezing 
mixture. Very cold water will be sufficient if a very small 
quantity, as half a dram of diluted acid be used. The phial 
should be long and narrow, and when the reaction is completed, 
the concentrated acid floats upon the chloride of calcium in 
solution. If the acid be very dilute, the chloride of calcium 
does not separate from it. If it be very strong, and chloride of 
calcium be added quickly and incautiously, the hydrocyanic acid 
boils with rapidity in consequence of the heat evolved. 

1G96. The specific gravity of .the diluted acid varies according 
to the quantity of water which is combined with it, and Dr LTre 
has well remarked that the density of the liquid acid is a crite- 
rion of greater nicety than most practitioners will be inclined 
to appeal to in estimating its strength, diluted acid of the spe- 
cific gravity 0.998 containing twice as much dry acid as when 
it is 0.996. 

1697. In estimating the strength of hydrocyanic acid, nitrate 
of silver is almost invariably preferred. Hydrocyanic acid de- 
composes#, it and precipitates cyanide of silver, while water is 
formed by the union of the hydrogen of the acid with the oxygen 
of the oxide. The nitric acid remains in solution. 

Symb. HC a N & ::N Ag = C 2 NAg & H & ::N. 

The cyanide of silver is then washed repeatedly with water, 
till the water does not affect hydrochloric acid, proving thereby 
that all excess of nitrate of silver has been removed, and after 
drying it, it is introduced into a glass-tube, previously weighed 
carefully, and heated till the cyanogen is expelled, and metallic 
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silver is left. The increase of weight in the tube indicates the 
quantity of silver left, and every 108.3 grs. (one eq.) indicate 
20.44 grs. of cyanogen (one eq.), which must have been sup- 
plied bv 27.4-1 grs. of hydrocyanic acid (one eq.). With a good 
balance. 10 or 20 grs. of the acid will be sufficient if it be of 
moderate strength. 

1 008. If any hydrochloric acid be mixed with the hydrocyanic 
acid, it may be detected by adding ammonia till the liquid is 
neutralized, and evaporating it to dryness by a heat not ex- 
ceeding 212’. Both acids combine with the ammonia, and the 
hydrocyanate is dissipated, but the hydroehlorate remains, re- 
quiring a temperature of 300° for its volatilization. Nitrate of 
silver cannot be employed in this instance, though the most 
delicate test of hydrochloric acid, as the hydrocyanic acid gives 
a precipitate with a solution of this salt, which it is not easy to 
distinguish at first from that produced by hydrochloric acid, 
when they arc mingled together. But by nitric acid subsequently 
applied, the cyanide of silver may be dissolved, whereas chloride 
of silver is insoluble in this acid. 

1691). When hydrocyanic acid has been administered in an 
over-dose, or given as a poison, the best and indeed the only 
antidote, according to Dr Herbst, is the cold affusion. He made 
a number of experiments on animals, and states that when the 
dose of the poison was not sufficient to prove fatal, two affusions 
of cold water in general removed every unpleasant symptom ; 
when a large dose was given, it was found necessary to repeat 
it more frequently, and to persevere foi a considerable time. 
The certainty of success depends much on the early employment 
of the remedy. He tried liquid ammonia repeatedly, which has 
been much extolled as an antidote to this* poison, but says that 
it will scarcely ever save life, where a dose sufficient to prove 
fatal has been given, and the symptoms have continued for some 
time ; though he admits, that where the quantity administere d 
is not able to destroy life, it is of great benefit in mitigating the 
severity of the symptoms. Another evident objection to the 
use of ammonia, as Dr Herbst remarks, is, that it excoriates 
the parts to which it is applied, and when sufficiently diluted to 
be free from this inconvenience, it is of very little use. The 
cold water was poured freely over the head, and back, and after- 
wards over the whole body. Chlorine water, or a solution of 
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the chloride of lime, luis been much recommended, immediately 
decomposing hydrocyanic acid. 

1700. Hydrocyanic acid for medicinal purposes is employed 
of very various degrees of strength. The diluted acid of the 
London College contains 2 per cent, of dry acid. 

1701. The tests proposed for detecting hydrocyanic acid are 
the nitrate of silver, the sulphate of copper, and the sulphate 
of iron. 

1702. Drop a solution of the nitrate of silver into a little 
diluted hydrocyanic acid ; a white curdv precipitate (cyanide 
of silver) falls, which cannot* he easily distinguished from the 
precipitate that hydrochloric acid*, T>r common salt, gives with 
the same solution. This test, therefore, is not much resorted 
to, at least where the quantity of material to he operated upon 
is very small, though it is very sensible in its indications as to 
the amount that may be present in any solution known to con- 
tain the acid. 

1703. Add a few drops of a solution of the sulphate of copper 
to the hydrocyanic acid, and then a slight excess of caustic 
potassa. also in solution. The potassa separates the oxide of 
copper in the form of a fduc precipitate which reacts on the 
hydrocyanic acid, the oxygen of the oxide combining with the 
hydrogen of the acid, while the cyanogen unites w ith the copper. 
The compound of cyanogen and copper is recognised by its white 
colour after hydrochloric acid has been added to remove the ex- 
cess of copper thrown down by the potassa. 

1704. The sulphate* of iron is employed precisely in the same 
manner as the sulphate of copper. It is not necessary that the 
sulphate should contain no persulphate of iron (which it gene- 
rally does), but the persulphate of iron alone should not be used, 
as Dr Turner lias observed, the hydrocyanic acid having little 
or no action upon the peroxide of iron precipitated from it by 
potassa, while, with the sulphate, the oxide is precipitated, a small 
portion of which at least must be present, in order that the cha- 
racteristic colour of Prussian blue may be speedily developed by 
the pure acid. Dr Ure states, that this acid may be detected 
by the sulphate of iron when mixed with 10,000 parts of water, 
and that the sulphate of copper produces a slight milkiness in 
water containing only a 20,000th part. 

1705. A great variety of statements have been made*as to 
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the changes that ensue in the production of Prussian blue, by 
the action of hydrocyanic acid and the oxide of iron. It appears 
now to be admitted, 

I. That one eq. of oxide of iron decomposes one of hydro- 
cyanic acid, forming cyanide of iron and water. 

II. That the cyanide of iron so formed combines with two 
cqs. of undecomposcd hydrocyanic acid, producing ferrocyanic 
acid. 

III. That the ferrocyanic acid so produced combines with 
peroxide of iron and forms Prussian blue. 

1706. According to AIM. Leuretand Lassaigne, two or three 
days after death it is impossible to detect this poison, as it is soon 
decomposed or volatilized. When it is suspected that death has 
been occasioned by it, they recommend the intestines to be cut 
into small pieces, and put into a retort with their contents and 
some water, adding a small quantity of sulphuric acid and apply- 
ing a gentle heat, which should not exceed 212°. The volatile 
products are to be condensed in a receiver kept cold with ice, 
and tested in the manner described above. The odour alone is 
often sufficient to indicate its presence. 


Cyanic Acid. 

St, mb. *<J 2 iN. Eq. 34.44 = 0.8 + C.12.24 + N.14.2. 

1707. To prepare cyanic acid, heat equal weights of ferro- 
cyanate of potassa and binoxide of manganese to dull redness 
in a silver crucible ; cyanate of potassa is thus formed, which 
is separated by solution in alcohol and ^subsequent crystalliza- 
tion. Dissolve the cyanate in water and decompose it by nitrate 
of silver ; cyanate of silver is precipitated, and nitrate, of potassa 
remains in solution. Let hydrosulphuric acid gas now be passed 
through water in which the precipitated cyanate of silver is 
suspended ; sulphuret of silver and water are thus formed, and* 
the cyanic acid remains in solution. Less hydrosulphuric acid 
should be employed than is necessary to decompose the whole 
of the cyanate. 

1708. Cyanic acid is decomposed with extreme facility 
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especially by water, which resolves it into the bicarbonate ot 
ammonia. 

Symb. 3H & *C‘ 2 N = 2 :C + NH 3 . 

1709. The Fulminic Acid, produced by the action of alcohol 
with a solution of silver or mercury in an excess of nitric acid, 
is considered isomeric with cyanic acid, but its equivalent has 
been regarded as double that of tile cyanic acid, being O 2 + 
2 (C 2 N). It has been examined more particularly by Professor 
Davy, and by Liebig and Gay Lussac, whose analyses, however, 
do not correspond. 

1710. Prepared according to Professor Davy, by mixing one 
part of the fulminate of mercury with 2 of zinc and 18 of water. 
Fulminate of zinc is procured, from which the oxide of zinc is 
removed by baryta, an 4, sulphuric acid separates the baryta. It 
is liquid, volatile, poisonous, has an odour like hydrocyanic acid, 
and is easily decomposed. 


Ferkocyanic Acid. (Fkrroprursic Acid — Hydro- 
Ferrocyanic Acid.) 

« 

fymb. 3 (C 2 N) + 2 H + Fe. Eq. 109.32 = C.36.72 + N.42.6 + 

H.2 + Fc.28. 

1711. When dry animal matters mixed with half their weight 
of the carbonate of potassa and metallic iron are exposed for half 
an hour to a dull red-beat in an iron pot covered with a lid, 
having a small aperture to allow vapours to escape, a peculiar 
compound is formed, which may be separated from the other 
materials by water, andjbhe solution gives large yellow-coloured 
crystals. They are composed of what* is commonly termed the 
ferroprussijjte or ferrocyanafc of potassa ; and it is this salt that 
is used to prepare the different substances from which cyanogen 
and its other compounds arc usually obtained. Nitre has been 
recommended instead of carbonate of potassa for mixing with 
the animal matters when they are first subjected to heat. 

1712. The process for preparing it is very offensive, but on 
the small scale, a sufficient quantity may be formed from an 
ounce or two of materials, to shew the nature of the salt ob- 
tained in solution when the dry mass is digested in water and 
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filtered. The minutiae of tlic reaction that takes place in the 
first stage of the process are still far from having been com- 
pletely explained. The animal matter, which is composed of 
carbon, oxygen, hydrogen, and nitrogen, is completely decom- 
posed, part of the nitrogen and carbon combining and forming 
cyanogen, which combines with iron and potassium; and on 
extracting the soluble compound in water, and concentrating 
the solution, crystals are formed, composed of 3 eqs. of water, 2 
of cyanide of potassium, and 1 of cyanide of iron. 

1713. There are two processes for procuring this acid from 
the ferrocyanate of potassa. One consists in adding a solution 
of 58 parts of crystallized ‘tartaric acid dissolved in alcohol to 
50 of the ferrocyanate dissolved in as small a quantity of water 
as possible. The tartaric acid combines Avitli the potassa of the 
ferrocyanate, forming bitart rate of potassa, which is precipitated 
In small crystals, not being very soluble in water, and the ferro- 
cyanic acid which remains in solution may be separated from 
it by filtration. A small portion of the bitartrate remains in 
solution with the acid. 

1714. In the other process, a solution of the hydrosulphato 
of baryta is added to a solution of the ferrocyanate of potassa, 
as long as any precipitation takes place, hydrosulphate of 
potassa remaining in solution^ while ferrocyanate of baryta is 
precipitated. It is washed on a filter with a small quantity of 
cold water, then dissolved in 100 parts of this fluid, and by 
adding sulphuric acid as long as any baryta is precipitated, 
taking care to avoid any excess, the ferrocyanic acid is obtained 
in solution. 

1715. This acid may be obtained in small cubic crystals of 
a yellow colour, by allowing its solution to evaporate spontane- 
ously. It reddens the vegetable blues, and has a much greater 
affinity for the different salifiable bases than hydrocyanic acid, 
neutralizing them completely. It is not volatile, and is slowly 
decomposed when exposed to the light, the iron which it con- 
tains acquiring oxygen, and being ultimately converted into 
Prussian blue. It is not poisonous, at least in small doses. 
Many are inclined to doubt if this compound ought to be con- 
sidered as a distinct acid, and feave considered it as a compound 
of the cyanide of iron with hydrocyanic acid. On decomposing 
the ferrocyanate of potassa by the galvanic power, the iron ae- 
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companies the other elements that are associated with it in the 
acid to the positive pole, where acids are attracted on decom- 
posing salts by galvanism, and does not go along with the other 
salifiable bases to the negative pole, where metallic oxides are 
always found when they have been separated by its agency from 
acids with which they have been combined, and where the iron 
ought to have been disengaged, if it had been in combination 
with the hydrocyanic acid, in the same manner as when potassa 
or any other base is united with an acid in a compound salt. It 
was called at first ferrureted ckyazic acid, from the initial letters 
of carbon, hydrogen, and azote (nitrogen), but ferrocyanic acid 
is the term that is now adopted. The annexed diagram illus- 
trates the manner in which the cyanogen, iron, and hydrogen, 
are arranged, when the compound is viewed as a biliydrocyanate 
of the cyanide of iron. 

ilydro^rn l - 

llydrogi ‘11 1 - - 

Iron ... 28 

Cyanogen *20.44 ' ^ 

Cyanogen 26.44 
Cyanogen 26.44 

1716. The most important compound of this acid is the Fkuho- 
<: van ate of Potassa, used principally for the preparation of 
Prussian blue, but employed also in preparing hydrocyanic acid, 
cyanide of potassium, hydrosulphoeyanic acid, and in testing 
metals in solution. Wdth a salt of the protoxide of iron, it gives 
a white precipitate, which quickly passes to a blue if exposed 
to the air ; but wdth a persalt of iron, a dee]) blue tint is pro- 
duced the moment they come in contact. It ought particularly 
to be recollected in using this salt as a test of iron, that if it be 
mingled wdtli an acid solution, it is frequently decomposed, and 
Prussian blue produced by the reaction of its elements, even 
though no iron be contained in the liquid under examination. 

1717. The Red Fekrocyanate of Potassa is procured by the 
action of chlorine gas upon the ferrocyanate of potassa dissolved 
in water, the chlorine being transmitted through the liquid till 
it ceases to give a precipitate wi^h the persalts of iron ; the so- 
lution may then be concentrated and crystals procured by eva- 
poration. The solution is of a blood-red colour by transmitted 
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light, but green by reflected light, and is particularly distin- 
guished by precipitating of a deep blue (or greenish) tint the 
protosalts of iron. Its precise composition lias not been defini- 
tively determined ; Gmelin regarded it as a compound of 3 eqs. 
of potassium, 2 of iron, and 6 of cyanogen, but according to 
Johnson, it may be Considered as a compound of 4 eqs. of cy- 
anide of potassium, 2 of cyanide of iron, and 1 of chlorine. 

1718. Perferuoc v am ate of Iron or Prussian Blue is usu- 
ally regarded as a compound of ferrocyanic acid and peroxide 
of iron, but very different statements have been made as to the 
manner in which its elements are associated. It is formed when 
a solution of the ferrocyanate of potassa is mingled with a solu- 
tion of a pursuit of iron. Common Prussian blue contains much 
alumina, which may be removed by digesting it in water acidu- 
lated with hydrochloric acid. A small portion of cyanide of 
potassium is also generally found in combination with this sub- 
stance as at first prepared, in consequence of which it must be 
washed with acidulated water, otherwise a portion of the Prus- 
sian blue is dissolved in the solution of the cyanide of potas- 
siuni. 


Hydkosulphocyanic Acid (Sulphocyanic Acid). 

Si, mb. HS*U*N. Eq. 59.64 = H.l + S.32.2 + 0.12.24 + N.14.2. 

1719. This acid is obtained in combination with water by ad- 
ding sulphuric acid to a solution of the hydrosulphocyanatc of 
potassa, and distilling the liquid in a glass-retort. The solution 
of the hydrosulphocyanatc is prepared by a' process introduced by 
Grotthus. Equal weights of the ferrocyanate of potassa and sul- 
phur, both previously reduced to fine powder, are ‘intimately 
mixed and exposed to a considerable heat in a common crucible, 
taking care, however, not to allow it to* become red-hot. The 
mixture soon melts and takes fire, and must be withdrawn from 
the chauffer a few minutes after the combustion ceases. In this 
process part of the sulphur combines with the cyanogen of the 
ferrocyanate, forming a peculiar compound termed sulphocyano- 
gen, or, more properly, bisulphuret of cyanogen, which unites 
with* the potassium, forming sulpliocyanide of potassium: an- 
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other portion of sulphur combines with the iron of the forro- 
cyanate, forming sulplmret of iron. The hydrosulpliocyanate of 
potassa is procured in solution by digesting this residuum in wa- 
ter, the potassium combining with the oxygen of a portion of 
water which is decomposed, while the hydrogen goes to the sul- 
phocyanogcn, forming hydrosulpliocyanie acid. By filtration, it 
is separated from the sulplmret of iron and any sulphur that 
may have remained mixed with it. This solution is then to be 
distilled with a quantity of sulphuric acid, equal to about half 
of the weight of the ferrocyanate of potassa mixed with the sul- 
phur. Sulphate of potassa remains in the retort with a little 
hydrosulpliocyanate of potassa, and the hydrosulpliocyanie acid 
and water are condensed in the receiver. 

1720. When its solution in water is concentrated, it boils at 
216°, and crystallizes at 54° in six-sided prisms. It reddens 
the vegetable blues, neutralizes the alkalis, and forms a soluble 
salt of a deep red colour with the peroxide of iron. A single 
drop of a diluted solution of this acid, added to a very dilute so- 
lution of a persalt of iron, will immediately produce the charac- 
teristic tint. When boiled with iron-filings, sulplmret of iron 
is formed, and hydrocyanic ‘acid disengaged. 


Cyanides of Chlorine, Iodine, and Bromine. 

1721. When chlorine is transmitted through diluted hydro- 
cyanic acid till it has* acquired the property of decolorizing a 
solution of indigo in sulphuric acid, one portion of the chlorine 
combines with the cyanogen of the acid, forming cyanide of 
chlorine, and another with the hydrogen, forming hydrochloric 
acid. The excess of chlorine may be removed by agitating the 
liquid with mercury, and on* exposing it to heat, the cyanide of 
chlorine is disengaged in the gaseous form, and must be col- 
lected over the mercurial trough, as it is soluble in water. It 
is always mixed with carbonic acid, when prepared in this man- 
ner, formed by the combination of the oxygen of a portion of 
the water with the carbon of part of the cyanogen whicli is de- 
composed. Another process for ^procuring this substance is de- 
scribed by M. Serullas, in the Ann. do Ch. et Phys. vol. xxxv. ; 
and in the preceding and subsequent volumes of the same work, 
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there are several interesting memoirs on this subject, where he 
has described, a bichloride of cyanogen. 

1722. Cyanide of chlorine was formerly termed chlorocyanic 
acid, but it was found to possess no acid properties on more mi- 
nute examination. It has a very pungent and irritating smell, 
and is absorbed rapidly by solutions of the alkalis, alcohol, and 
water. When cooled by a freezing mixture, it becomes liquid 
at 10 ’, and freezes at zero. 

1723. Cyanide of Iodine is prepared by exposing the bi- 
cyfaiide of mercury mixed intimately with half its weight of 
iodine to heat in a small glass-retort ; vapours of iodine are dis- 
engaged at first, and these nre soon followed by white fumes of 
the cyanide of iodine, having the appearance of wool, which may 
be condensed in a cold receiver in the solid form. 

1724. Cyanide of Bromine is prepared by a similar process, 
and bears a great resemblance to the cyanide of iodine. It ap- 
pears to be as powerful a poison as the hydrocyanic acid. 

1725. Numerous other combinations of cyanogen, or of com- 
pounds produced bv its decomposition, have been lately described, 
as Bi.sulphuret of Cyanogen, Disulpliuret of Cyanogen, Mellon, 
Melam, Melamine, Ammeline, Ammelide, Cyanamide ; also a 
number of double salts containing cyanogen in combination 
with two metals, but the compounds already noticed are the most 
important. 


ORDER II. — yEGETABLfi ' ALKALIS. 


172(1. The most important of the vegetable alkalis are Mor- 
phia, Quina, Cinchonia, Strychnia, and Veratria ; the method of 
preparing these from the different vegetable products from which 
they are obtained, will be described in the following sections. 

1727. Those alkalis are found in combination with vegetable 
acids, constituting a peculiar class of salts. By digesting them 
in water or alcohol these salts are dissolved, and on adding one 
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of the common alkalis, or an earth, such as lime or magnesia, the 
vegetable alkali is separated, the salifiable base added combining 
with the acid. Various modifications of this process are adopted 
in the preparation of the different alkalis, but they are not ob- 
tained in a pure form by any single operation, being usually com- 
bined with a considerable quantity of colouring matter and other 
proximate principles. Animal cliartoal is employed to separate 
or decompose the colouring matter. Ether and alcohol may often 
be used with advantage. By repeatedly dissolving them and pre- 
cipitating or crystallizing them from their solutions, the separa- 
tion of the 'colouring matter may sometimes be effected without 
any charcoal, but it is in general preferable to employ this sub- 
stance. 

1728. Dr Thomson states, that “ it has been found that all 
the vegetable alkalis are precipitated by tannin or infusion of 
nutgalls, but not by gallic acid, the precipitate containing, ac- 
cording to M. Henry, two eqs. of tannin and one of alkali. 11 The 
infusion of nutgalls has accordingly been proposed bv M. Henry 
as a reagent for procuring these alkalis in an insulated form, 
according to the following process : — Digest the plant con- 
taining the alkali in warm water, acidulated with sulphuric acid. 
Drawoff the clear liquid, neutralize it by potash, and add a con- 
centrated infusion of nutgalls as long as a precipitate falls. 
Separate the precipitate, wa£h it with cold water, and mix it 
intimately with a slight excess of slaked linu*. Dry the mix- 
ture over the vapour bath till it is reduced to powder; digest 
this powder in alcohol or ether ; filter, distil off the alcohol or 
ether ; set the residue aside for some days ; the alkali will be 
deposited in crystals . 11 — Thomsons Organic Chemist n/. 

1729. M. Pelletier, « in a paper on the action of iodine upon 
different salifiable bases, has been led to the following conclu- 
sions : — 

“ That iodine combines with most of the organic bases in 
atomic proportion. Thus, strychnia affords a crystalline and 
coloured iodide, composed of two eqs. of iodine and one eq. of 
strychnia ; brucia forms two iodides, one composed of two eqs. 
of iodine and one eq. of brucia, the other of four of iodine to one 
of base ; whilst cinchoniu and quina each combine with iodine 
in the proportion of one eq. of iodine to one of base. 

1 hat iodic acid combines with the organic bases, forming 
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neutral and acid salts, in which the acid and hast; exist in the 
same proportion as in their respective iodides. 

“ That hydriodic acid unites with the organic bases, forming 
salts which have a tendency to an excess of base. The organic 
hydriodates are decomposed by iodic acid, iodine being liberated, 
whilst the hydriodate is concerted into an iodide. 

“ The action of iodine upon morphia forms a very singular 
exception to the above, for one part of the iodine combines with 
hydrogen from the morphia to form hytlriodic acid, whilst the 
other portion of iodine unites with the substance resulting from 
the morphia. When morphia is acted on by iodic acid, the acid 
loses its oxygen, which unites with one portion of the morphia, 
forming a red substance like that resulting from the action of 
nitric acid on morphia, whilst the iodine evolved acts on the 
other portion of morphia as it does by direct contact ; but the 
•■(‘suiting combination is decomposed by a fresh portion of iodic 
acid, and entirely converted into iodine and the red substance. 

The following singular reaction, in the opinion of M. Pelle- 
tier, throws great light on the theory of organic iodides : When 
a solution of a neutral iodate of strychnia is poured into a solu- 
tion of a hydriodate of the same base, no apparent decomposi- 
tion takes place ; but, if iodic acid or an acidulous iodate be sub- 
stituted for a neutral one, a brown precipitate is obtained, formed 
of iodide of strychnia and free iodine. When this precipitate is 
macerated in a solution of bicarbonate of potash, the excess of 
iodine dissolves, and the iodine then assumes the orange-yellow 
colour which belongs to it, and it then resists the action of the 
bicarbonate. 

“ Tn this decomposition, the five equivalents of hydrogen of 
the hvdr iodic acid of the five equivalents of hydriodate of 
strychnia combine with five equivalents of oxygen of the iodic 
acid to form water, and the five equivalents of strychnia are pre- 
cipitated with six equivalents of iodine, one of which is dissolved 
by the bicarbonate of potash, and five equivalents of neutral 
iodide of strychnia remain .'’*’ — Philosophical Magazine and A mmh . 
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Sect. I. — Morphia — Mecontc Actd — Codeia, Thebata, 
Narceia, Meconine, Narcotine. 

1 730. Opium is composed essentially of a peculiar vegetable 
alkali which has received the name of Morphia, a vegetable 
acid which has been called Meconic Acid, and some other ve- 
getable proximate principles which are present in much smaller 
quantity. . These are mixed in opium with several more com- 
mon vegetable principles, as gum, resin, gluten, a bitter matter, 
a dark colouring matter, and also with a small quantity of sul- 
phate of lime. 

1731. Morphia, fymb. O fi C 31 H 18 N. Eq. 288.28 = 0.48 + 
C.208.08 -f H.18 + N.i.4.2. A number of processes have been 
proposed for extracting morphia from opium ; the beginner will 
perhaps find the following process of Robiquet’s more easily 
conducted than any other. 

1732. Take 1200 grains of the best Turkey opium, cut it into 
small pieces, and rub it with water in a mortar, adding a little 
more from time to time till a uniform pulpy mass is obtained. 
Then add more water till about ten ounces altogether shall 
have been mixed with the opium. The mixture is to be left in 
this state for five days, shaking it occasionally ; or it may be di- 
gested with a gentle heat for a day or two, taking care not to 
raise its temperature above 100°, after which it may be filtered. 
An additional supply of water may then be used, and on the 
large scale, water is added and decanted after the opium has 
been macerated in it, till it ceases to extract any thing further 
from the residuum. The liquid that passes through the filter 
has a very dark colour, and contains 'the meconic acid and the 
morphia in solution, combined together in the form of meco- 
nate of morphia. On boiling this solution for ten or twelve mi- 
nutes with 60 grains of magnesia, taking care to have it com- 
pletely decarbonated, this earth withdraws the meconic acid, 
and the morphia is precipitated. 

1733. Put the precipitate on a filter, wash it with cold water, 
and allow it to drain. When dry, mix it with a third of its 
weight of animal charcoal, and boil it with about two ounces 
of alcohol in a glass-flask for five or ten minutes. The alcohol 
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dissolves the morphia, separating it from the other matters with 
which it is associated in the precipitate. It must be filtered 
while hot through paper ; the morphia is deposited in crystals 
as the solution cools. It is only by repeated solution and cry- 
stallization, however, that the morphia is obtained perfectly 
pure ; the product of the £rst crystallization has a light fawn 
colour when a sufficient cjuantity of animal charcoal has been 
employed, and is usually associated with small portions of some 
of the other vegetable alkalis found in opium, especially codeia. 

1734. In preparing morphia, the student should always avoid 
the vapours that are disengaged from the different solutions 
which he may require to boil, when he is operating on a consi- 
derable quantity of materials, as I have occasionally seen them 
produce the same effects as an overdose of opium, where this 
has not been attended to. On the other hand, numerous indivi- 
duals are not in any way affected by them, and those practically 
engaged in preparing morphia or its combinations on the large 
scale, have not, so far as I am aware, complained of any inju- 
rious consequences arising from them. 

1735. According to the process of the London College, mor- 
phia is prepared by the action of ammonia upon a solution of 
the liydrochlorate of morphia, hydrochlorate of ammonia re- 
maining in solution, while the morphia is precipitated. An ex- 
cess of ammonia must be avoided, as it is apt to redissolve part 
of the precipitate. 

1736. Morphia is the vegetable principle on which the nar- 
cotic property of opium more immediately depends, and its 
taste is intensely bitter. From its sparing solubility in water, 
it produces comparatively little effect upon the animal economy 
in its pure form, but when combined with an acid or any other 
substance which can render it soluble, or when it meets with 
any solvent in the contents of the "stomach, it acts with great 
energy, half a grain given to a man in good health having pro- 
duced symptoms which excited considerable alarm at the time, 
though he ultimately recovered. 

1737. Put a test-paper coloured by the blue infusion of cab- 
bage into a solution of morphia in alcohol ; it will be immedi- 
ately rendered green. 

1738. Put another test-paper coloured yellow by turmeric in- 
to the same solution ; it will be turned to a reddish-brown. 
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1739. Add a solution of potassa, soda, or ammonia to a solu- 
tion of a salt of morphia ; tin* alkali will combine with the 
sudd, and the morphia will be precipitated. Morphia is precipi- 
tated also when a solution of any of these alkalis is added to a 
watery infusion of opium, a meconate of the alkali remaining 
in solution. With the exception of ammonia, however, none of 
them can be used so advantageously for the preparation of mor- 
phia as magnesia, as any excess would react on other matters 
in solution, and tend to decompose them, or dissolve the preci- 
pitated morphia. 

1740. Morphia and its combinations, unless purified by many 
successive solutions and crystallizations, and also by the action 
of animal charcoal, appear frequently to be associated with a 
little resin, to which some attribute the colour it produces with 
nitric acid in the following experiments. 

1741. Put a small quantity of morphia into a test-tube, and 
pour a little nitric acid on it. The solution soon acquires a 
yellowish tint which passes quickly to a blood-red and ultimately 
becomes yellow again. T*fte deep red tint arises from the evo- 
lution of nitrous acid fumes which soon escape. A portion of 
oxalic acid is ultimately formed by heating the materials. 

1742. Pour some nitric acid into a solution of the sulphate 
of morphia, or of any other salt of this substance ; the solution 
will acquire the same deep colour as in the preceding experi- 
ment (1741). The deep red tint which morphia and its com- 
pounds produce with nitric acid was, till lately, considered a 
characteristic property of this vegetable alkali ; it has now been 
found, however, that strychnia produces the same effect: A 
small portion of resin, it must- also be remembered, and other 
deoxidating agents, communicate a deep red tint to nitric* acid. 

- If a solution of morphia or of any of its salts be mixed 

with a strong solution* of chlorine, and ammonia be added, a 
dark brown colour will pervade the solution, which will disap- 
pear by the addition of more of the solution of chlorine. It is 
particularly necessary for the success of these reactions that 
the chlorine and ammonia water be strong. (Dr Meeson.) 

1744. Add a small quantity of a solution of potassa to a solu- 
tion of the sulphate of morphia ; the sulphuric acid will combine 
with the potassa, and the morphia will be precipitated. 

1745. Pour some more of the solution of potassa intft the 
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above liquid, and the morphia will be redissolved. Similar ex- 
periments may be made with solutions of soda and ammonia. 

1746. Expose a little morphia to heat in a test-tube over a 
spirit-lamp ; in a short time it will be completely decomposed, 
some carbonate of ammonia being disengaged along with the 
other products of the decomposition, as morphia contains a little 
nitrogen besides the usual elements of vegetable matter ; tin* 
ammonia is formed by the combination of nitrogen with part of 
the hydrogen, and the carbonic acid by the union of part of the 
carbon and oxygen. A little oily matter is also produced, and 
some carbonaceous matter is left in the tube. 

1747. Throw some morphia on a piece of iron heated to red- 
ness, or on some red-hot cinders : it burns in the same manner 
as other vegetable substances. 

1748. Shake some morphia with a small quantity of diluted 
sulphuric acid, heat the mixture gently, and continue* to add 
morphia till it is no longer dissolved. The sulphuric acid will 
be completely neutralized, and a solution of the Sulphate of 
Morphia will be obtained. It is vqjy soluble in water. 

1749. Acetate of Morphia is procured according to t*be 
process of the London College, by v neutralizing morphia with 
diluted acetic acid. It has also been obtained by the double 
decomposition of salts of morphia and soluble acetates, the ace- 
tate of morphia remaining in solution, while the base of the ace- 
tate used in preparing it is thrown down, in combination with 
the acid previously combined with the morphia. 

1750. The other salts of this vegetable alkali may be prepared 
by a similar process. The mineral acids must always be diluted 
with water before combining them with morphia, as. in their 
concentrated form, they are very apt to decompose it. 

1751. The Nitrate, Sulphate, Hydrociilokate, Acetate, 
Tartrate, and Meconate of Morphia are all soluble and 
erystallizablc. 

1752. The Hydrochlorate (Muriate) of Morphia has been 
recommended by Dr Gregory as an economical preparation of 
opium, and lias been advantageously substituted for the more 
common preparations of this medicine. The following is the 
process adopted for its preparation, modified by Dr Robertson, 
and subsequently by Dr Gregory and M. Robiqnet. Evapo- 
rate the watery solution of opium in a tinned iron pan till it 

II li 
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attains the consistence of a syrup. Add a strong neutral solu- 
tion of hvdrochlorate of lime, purified carefully from iron. The 
hydrochlorato should he in excess, so as effectually to secure the 
decomposition of all the meconate of morphia. Roil for a few 
minutes, and set it aside ; meconate of lime is deposited along 
with colouring matter and other impurities. The solution of 
hydrocb Ionite of morphia is then separated, and concentrated on 
the sand-bath till a second deposition ensues, when it is permitted 
to cool and give crystals, continually agitating it. ’ By subject- 
ing the imperfect crystalline mass procured in this manney to 
a great pressure, after placing it in a very strong cloth, a dark- 
coloured liquid is separated, which contains much colouring mat- 
ter and impurities, and a little hydrochlorato of morphia. By 
repeated solution and crystallization the crystals of the bydro- 
chlorate are at last obtained in a pure form, any excess of acid 
being neutralized by carbonate of lime, and animal charcoal 
being mingled with the solution, and allowed to remain in con- 
tact with it at a temperature of about 200° for twelve or twenty- 
four hours. About one p^rt of hydrochlorate of morphia is pro- 
cured from ten of opium. 

1753. According to tbo # proeess adopted by the London Col- 
lege, the watery solution of opium, containing the meconate of* 
morphia, is decomposed by the hydrochlorate of lead in solution, 
meconate of lead falling down* and hydroeld orate of morphia 
remaining in solution. The morphia is then precipitated by 
ammonia, washed, and again converted into hvdrochlorate by 
adding hydrochloric acid diluted with water. Charcoal is em- 
ployed in the usual manner to destroy colouring matter. 

1754. The hvdrochlorate of morphia crystallizes in a very 
beautiful manner, resembling feathers, the individual fibres often 
extending one or two inches in length, as in the specimens ma- 
nufactured by Mr Macfarlanc of this city. It is soluble in about 
twenty parts of cold water, and in less than an equal weight of 
water at 212°. 

1755. The hvdrochlorate of codeia is generally present in small 
quantity in the hydrochlorate of morphia, where care has not 
been taken to separate it. See par. 1766. 
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meconic ACID. St/mb. 0 7 r 7 ll a . Jit/. 100.81. 

175G. Several processes have been pointed out tor tlio prepa- 
ration of Moronic Acid ; the following method, by which it is 
easily obtained, was recommended by Dr Hare. Add a solu- 
tion of the ditacetate of lea<f to a watery infusion of opium as 
long as any precipitation takes place, wash the precipitate on a 
filter till the water passes through colourless, then diffuse it 
through a quantity of water, and pass a brisk stream of hydro- 
sulphuric acid through it for a quarter of an hour or twenty mi- 
nutes. The precipitate that js thrown down by the ditacetate 
of lead is composed principally of meconatc of lead, which is 
decomposed afterwards by the hydrosulpliuric acid gas, sulpluiret 
of lead and water being formed, while the meconic acid that is 
disengaged remains in solution. The sulphuret of lead must be 
separated by filtration, when the solution will appear of a red- 
dish-amber colour. It affords crystals on expelling the excess of 
hydrosulpliuric acid, and concentrating it by evaporation. 

1757. The meconic acid may be separated from the meconatc 
of lead by sulphuric acid ; the sulplmtc of lead that is formed 
being insoluble, it may be easily separated by filtration from 
the meconic acid that remains in solution as before. An excess 
of sulphuric acid interferes with the crystallization of the inc- 
conic acid, which is not then obtained so easily in crystals, as 
when the decomposition of the meconatc has been effected by 
hydrosulpliuric acid. # 

1758. From the precipitated meconatc of lime, which is 
formed in the preparation of hydrochlorate of morphia by hy- 
drochlorate of lime, the meconic acid may be separated by hy- 
drochloric acid, which is added in the first place in sufficient 
quantity to dissolve the meconatc. .Jlimeeonate of Ijine is de- 
posited in crystals, and from these, dissolved in water, the me- 
conic acid is procured by the action of more hydrochloric acid. 

175!). Meconic acid is soluble in water, in ether, and in alco- 
hol ; it lias a sour taste, reddens lit inns paper, and is particularly 
distinguished by the dark red colour which it produces whim 
added to a solution of a persalt of iron. Drop a small quantity 
of the watery solution of meconic acid into a glass of water con- 
taining a little of the hydrochlorate or sulphate of the peroxide 
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of iron. The deep colour which it causes will immediately ap- 
pear, and so delicate a test is a persalt of iron of the presence 
of meconic acid, that Dr Hare was enabled to detect the pre- 
sence of meconic acid by means of it in a gallon of water to 
which no more than ten drops of laudanum had been added ; 
the following is the manner in which he proceeded. A few 
drops of a solution of the acetate of lead were added to the water 
containing the laudanum, which was placed in a conical glass 
vessel, that the precipitate, which appeared in several hours, 
and was deposited on the sides of the vessel, might be easily *col- 
lectcd at The bottom, by stirring it gently from time to time 
with a glass-rod. The most of the. supernatant liquid was then 
decanted, or removed by a syphon, taking care that none of the 
precipitate was drawn up along with it ; after which thirty drops 
of sulphuric acid were poured over the meconate by means of a 
dropping- tube, and an equal quantity of a solution of the per- 
sulphate of iron was added in the same manner, when flu* cha- 
racteristic deep red colour appeared. 

1760. Add a small quantity of a solution of the hydrosulplio- 
cynnate of potassa to a wine-glass of water, into which a drop 
of a solution of the persulphate of iron lias been put, and com- 
pare the colour (1018) with that produced by the meconic acid, 
which is very similar to it. 

1761. M econie aeid crystallizes in thin transparent, seales. 

and gives oxalic aeid when digested with nitric aeid. When 
boiled in water for some time, or when a solution of the mcco- 
nate of potassa acidulated with hydrochloric acid is treated in 
the same way, a new acid is produced, the Metameconic Acid 
(St/mb. O 10 C lf ir). It is not so soluble as the meconic, and gives 
hard and granular crystals. During its production, two eqs. of 
meconic aeid lose two of carbonic aeid, and produce one of me- 
tanieconig aeid. # 

fymb. 2 (0 7 C 7 H 2 ) = 2:C & O l0 O ls H k 

1762. Pyromeconic Acid is obtained when the meconic aeid 
is exposed to heat (Sgmb. O r, C l0 H 3 ), two eqs. of meconic acid 
losing one of water and four of carbonic aeid, as they produce 
one of the pyromeconic aeid. 

Syutb. 2 (O 7 0 7 H 2 ) = 4:0 * II & O’C l0 II 3 
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NARCOTINE. 


Symb. 0 1S C 10 H 20 N ? 

1703. Narcotine, anotluy vegetable alkali, known also l>\ 
the name of the Salt of D<>rome , from Derosne, who considered 
that it was meconate of morphia, may he prepared by macera- 
ting opium with six or seven times its weight of sulphuric other, 
agitating it occasionally, and applying a very gentle lv»at. The 
ether employed for this purpose should be extremely pure. The 
meconate of morphia is not effected l>y ether, but the narcotine 
is dissolved, and the solution deposits it in crystals by sponta- 
neous evaporation. By removing the crystals that are at first 
deposited from any resinous matter that may be mixed with 
them, and repeated solution and crystallization with ether, 
boiling also with animal charcoal, they may be obtained per- 
fectly pure. 

1764. Narcotine is soluble in alcohol, ether, and oils, but in- 

soluble in water ; the addition of a small quantity of acid, how- 
ever, renders it soluble, and in the watery infusion of opium it 
is supposed to be retained in solution by the meconic or some 
other vegetable acid. • 

1765. As the unpleasant sensations which the exhibition of 
opium so often produces, independent of its narcotic action, 
have of late been attributed to the narcotine alone, it may he 
deprived of this principle before it is made into laudanum, by 
digesting it in other for several hours. 

1766. Codeia (fyrnb. OH)“H ,9 N. ’ % 26(104). This sub- 
stance has hitherto been less minutely examined than morphia 
and its compounds. It is frequently associated with the common 
hydrochlorate of morphia, from whiclf it may he separated by dis- 
solving it in water and adding ammonia, when the morphia is 
precipitated, the codeia remaining in solution. The solution is 
concentrated and crystals procured, and on dissolving the crystals 
and adding a solution of potassa, the codeia is precipitated in 
combination with water. By boiling it in ether, and allowing 
the solution to evaporate spontaneously, the codeia is deposited 
in crystals. According to I)r Gregory, the nitrate of codeia, in 
a dose of 4 or 6 grains, produces intoxication, which, in the 
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course of a few hours, is succeeded by depression, nausea, and 
occasionally by vomiting. 

1707. Narceia (Symb. O 12 C 28 H 20 N. Eq. 901.50). This alkali 
is prepared by a very complicated process, of which the follow- 
ing is an outline. 

1. Evaporate the watery solution of opium till an extract is 
procured. 

2. Dissolve in boiling water and filter. 

8. Heat the solution thus procured to the boiling point, and 
add ammonia in slight excess. Allow the liquid to cool, so that 
morphia may be separated. Concentrate when cold, that more 
morphia may be deposited. . . 

4. Add barytic water ; the meconic acid is now separated as 
moconate of baryta. . 

5. Filter, and add carbonate of ammonia, that any excess of 
baryta may be precipitated. 

(1. Filter again, and boil to expel any excess of carbonate of 
ammonia, evaporating till the liquid assumes the consistence of 
a thick syrup ; a pulpy matter is obtained in a few days in which 
crystals may be observed. 

7. Dry it and boil it in iflcohol, after expressing any dark fluid 
by compressing it strongly in cloth. 

8. Filter, and distil off the .alcohol ; a liquid is left contain- 
ing narceia, which crystallizes as it cools. 

0. Digest it in ether that meconin may be separated. 

L768. Narceia crystallizes in very delicate white prisms, ha- 
ving a considerable lwstre. It melts at a temperature near 200°, 
and is sparingly soluble in boiling water. At a higher tempe- 
rature it is decomposed, giving out white and subsequently yel- 
low fumes, much charcoal being left. A fine blue colour is de- 
\ eloped by the action of hydrochloric acid diluted with water 
upon this alkali, changing»subsequently to violet and red. 

171)1). Tiie dai a- (St/mb. 0 3 C 25 II H N ; Eq. 205.2) is b< prepared 
in the following manner by Couerbe from the drainings obtained 
after separating hydrochlorate of morphia by Dr Gregory’s pro- 
cess. These are evaporated to the consistence of a syrup ; this 
contains bimeconate of lime, morphia, narceia, meconin, narco- 
tine. and thebaia. Hydrochloric acid is to be added, to separate 
a black fatt\ matter containing ulmic acid, which is removed by 
a skimmer from the surface of the liquid. To the solution thus 
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purified, ammonia is to be added, which occasions a black depo- 
sit of morphia and thehaia. This precipitate is to be dried, 
powdered, and treated with boiling ether, in which the tliebaia, 
though only slightly soluble, dissolves. When the ether is sepa- 
rated by distillation, the thehaia is deposited in small reddish 
crystals, which are to be purified by boiling in alcohol with ani- 
mal charcoal. It is then to*be dissolved in ether, and, by spon- 
taneous evaporation, crystals are obtained. Thehaia, thus pre- 
pared, is perfectly white, strongly alkaline, and soluble in alco- 
hol and ether. In the first liquid it crystallizes, like the sugar 
of grapes, in small mammillated crystals, but in the’second, in 
brilliant flat rhombic crystals. When heated to about 2G(> ° it 
fuses, and does not solidify till its temperature is reduced to 
130°; whereas narcotine fuses at 338 , and solidifies at 2(56°. 
Codeia fuses at 302", and meconin at 11)4°. 

‘‘ By fusion, thehaia loses four per cent., or two equivalents 
of water. Concentrated acids convert it into a resinous sub- 
stance, whereas, when properly diluted, they combine, and form 
crystallizable salts with it. By friction it becomes negatively 
electrical. M. Couerbc gives the following table of the colours 
produced by agitating the peculiar substances contained in opium 
in a bottle with sulphuric acid and air. Nitric aeid oxidizes 
them so rapidly, that the progress of the oxidation cannot he 
followed. The experiment is to be made in a four-ounce phial, 
with six grains of the substance. Witli nearly half an ounce of 
sulphuric acid containing nitric acid, strong agitation is to be 
employed. At first the colour is not veyy deep, but it is deve- 
loped in a few minutes. 

“ Tliebaia is rendered instantly red, becoming deeper and 
deeper in time ; when examined ill thin ^portions, the colour has 
a yellowish tint. • 

“ Narcotine. At first yellow, and remains so foy seven or 
eight minutes, then becomes red. 

“ Codeia immediately becomes of a very pale-green colour, 
which passes to a greenisli-rcd after some time. 

“ Morphia becomes almost immediately of a green colour. 

“ Meconin. No immediate effect, but in 24 hours the mix- 
ture becomes of a superb-rose colour. 

“ Narceia immediately becomes nearly of a mahogany co- 
lour. v 
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When sulphuric acid , which contains no nitric acid , is employed , 
then, 

“ Thebaia gives a rose colour, with a shade of yellow. 

Narcotine, a blood-red colour. 

“ Codeia, a green colour. 

“ Morphia, a brown colour. 

“ Meconin, first a turmeric yellow, and then red. 

“ Narceia, a chocolate colour.’ 1 

M. Coucrbe obtained from 40 pounds (French) of opium, tin* 
following products : — 

50 Ounces of morphia, 

1 Ounce of meconin, 

14 Ounce of ctAleia, 

^ Ounce of narceia, 

.1 Ounce of thebaia. 

The narcotine, which remained in the mass, was not ex- 
tracted. 11 — Philosophical Magazine and Annals. , 

1770. Meconjn (Symb. O 4 C ,0 H 5 ). This substance, though 
placed in the present section as one of the ingredients of opium, 
is not considered to possess alkaline properties, and it differs 
also from most of the vegetable alkalis in containing no nitro- 
gen. It has been prepared in small quantity by separating it 
by ether from narceia, as is stated under narceia, and has also 
been procured in large quantity by other processes. 


1771. When opiunt has been given as a poison, it may in 
general be detected by its peculiar odour, and by the deep red 
colour which a solution of a persalt of iron gives, on treating the 
precipitate, thrown down by acetate of lead from the liquid pro- 
cured by filtering the -contents of the stomach, in the manner 
described in 1759 and 1760. 

1772. From the number of different principles which the in- 
fusion and tincture of opium contain in solution, they are decom- 
posed by a great number of substances, many of which must 
occasionally be present in the liquid contents of the stomach ; 
metallic salts in particular, and astringent matter, produce this 
effect, so that it is necessary to examine also the solid matter 
that is obtained when laudanum has been administered as a 
poison, even though it should have been satisfactorily ascer- 



QU1NA. 


481 ) 

tained that no solid opium has been given along with it. Dr 
Christison recommends the contents of the stomach to be acidu- 
lated with acetic acid, boiled to the consistence of a syrup, and 
the residue to be boiled with strong alcohol, breaking down any 
coagulum that may appear on its addition. The solution is then 
to be evaporated as before, the product dissolved in distilled 
water, and the solution filtered. By the appropriate tests, the 
mcconic acid and morphia may then be detected in the solution. 

I have met with an instance of poisoying by this substance, 
in which no trace of opium could be detected by chemical re- 
agents a short time after death ; Dr Christison lias* also men- 
tioned several of a similar description. 

1773. With respect to the antidotes to be employed when an 
over-dose of opium has been given, there is no chemical remedy 
on which we can depend ; the carbonate of potassa has been 
proposed, to precipitate the morphia from its solution, and pre- 
vent it from acting so energetically as it otherwise would do. 
Recourse should always be had to the stomach-pump when it 
can be procured, and powerful emetics should be administered 
till vomiting is excited, giving at the same time large quan- 
tities of warm water, and preventing the individual from falling 
into a state of sleep or stupor, if possible, by forcing him to 
walk up and down till its effects have passed off. Diffusible 
stimuli should be given at the* same time, taking care to avoid 
every thing which may render the morphia more soluble, as 
vinegar or acids, which would only increase its deleterious 
effects ; though, when the poison has been completely removed, 
some of them assist materially in restoring the tone of the whole 
system. 


Sect. II. — Quina. 

Symb. 0*C»H»N. % 164.6 = 0.16 + C. 122.4 4 - H.I2 + 

N.14.2. 

1774. The beginner cannot be too particular in procuring 
the specimens of the different varieties of bark which he may 
require from a source on which he can depend, as there is no- 
thing that is more frequently adulterated than cinchona bark. 
It is not only often mixed with barks of an inferior quality, or 
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of a totally different kind, but offered for sale after its active 
principles have been in a great measure extracted. This is not 
an imaginary ease. It has been noticed in other works ; and I 
have myself met with specimens of bark in this condition. It 
is usually reduced to powder, mixed up with a fresh quantity of 
bark, and sold as a cheap bark to country apothecaries, — a prac- 
tice which cannot be too much reprobated, and which the medical 
practitioner ought to be able to detect. 

1775. Pour an infusion of galls into a decoction of bark ; 
a copious white precipitate will appear, the gallic acid which 
it contains* uniting with the alkali and forming an insoluble 
gallate of quina or cinchonia. If, however, the alkali has been 
extracted from the bark before tlie decoction with which the 
experiment is made be prepared, little or no precipitate will be 
thrown down. An infusion of galls, therefore, maybe used with 
advantage for distinguishing between good and bad varieties of 
bark. * 

1770. Quina is found in the Cinchona cordifolia or Yellow 
Park, in the Cinchona lancifolia or Pale Bark, in the Cinchona 
oUomjifolia or Red Bark, and in several other species of bark, 
all of which contain cinclutnia likewise, another vegetable al- 
kali. The yellow bark is usually employed for the preparation 
of quina, as it contains a considerable quantity of this principle, 
but very little cinchonia. In tlie pale bark, again, cinchonia 
is the alkali that predominates ; while in the red bark a larger 
quantity of cinchonia and quina is said to exist than in either 
of the other varieties^ of bark. Serturner lias pointed out 
some new vegetable alkalis which exist in the red and yellow 
barks along with cinchonia and quina, and which are considered 
more powerful in their febrifuge action than either of the for- 
mer ; they are not easily procured in a pure form. Thirty-four 
pounds of good yellow bark afford about one pound of Disulphate 
of Quina. 

Quina and cinchonia are the principles on which the peculiar 
properties of Peruvian bark depend. The existence of a peculiar 
principle in which its characteristic qualities reside was pointed 
out by Dr Duncan, who gave it the name of cinchonine ; a dis- 
covery of great interest, and which first directed the attention 
of chemists to those researches in organic chemistry, equally 
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interesting as a branch of chemical science, and important in 
their practical applications. 

1777. Quina may be easily procured by decomposing a solution 
of the disulphate of quina in water by slaked lime ; this earth 
immediately combines with the sulphuric acid, sulphate of lime 
and quina being precipitated together. The precipitate is then 
to he digested in alcohol, Which dissolves the quina, and leaves 
the sulphate of lime. 

1778. Evaporate the alcoholic solutiqp of quina till it is con- 
centrated ; quina is deposited, but not in crystals. It may bp 
procured in crystals, however, by the spontaneous evaporation of 
its alcoholic solution. 

* • 

1779. Put a blue test-paper into a solution of quina in alcohol ; 
it will be immediately rendered green, in the same manner as by 
solutions of the common alkalis. 

1780. If a solution of quina or of any of its salts he mixed 
with a strong solution of chlorine, and ammonia be added, a 
beautiful green colour will be observed, which will become red 
on the addition of an acid. This is a delicate test, and will de- 
tect a grain of the alkali in a pint of solution. The chlorine 
and ammonia water must be concentrated, as in the detection of 
morphia. (Dr Meeson.) 

1 781. Add quina to a small quantity of sulphuric acid diluted 
with five or six times its bulk of water ; the quina will neutralize 
the sulphuric acid, and a solution of the disulphate of quina will 
he obtained, which will yield crystals on evaporation. 

1782. Throw a little quina on a red-hot. iron plate, or on some 
red-hot cinders. It will infiame and be completely decomposed, 
the usual products of the combustion of vegetable matter being 
formed, and nitrogen gas being disengaged. 

1783. Heat a little in # a close vessel, or in a glass-tube, that it 
may not be exposed freely to the fiction of the air ; in addition 
to the products that are generally obtained during tlie decompo- 
sition of vegetable matter by heat in close vessels, a small quan- 
tity of carbonate of ammonia will be disengaged, indicating the 
presence of nitrogen. 

1784. The DIsulpiiatk of Quina is the most important 
compound of this alkali, and is preferred for medical purposes to 
the quina itself, as it possesses all the virtues of the latter, while 
its solubility enables it to act more powerfully and uniformly. 
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quina being 1 very sparingly soluble in water, though it is readily 
dissolved by alcohol and ether. It has an intensely bitter taste, 
similar to that of pure quina. It consists, when first crystal- 
lized, of 8 eqs. of water, 2 of quina, and 1 of sulphuric acid ; 
but when exposed to the air and effloresced, it loses 6 eqs. of 
water. 

1785. The preparation of disulpfiate of quina, though usu- 
ally considered a difficult process by the beginner, may be 
easily conducted on thy small scale in the following manner. 
Reduce 3000 grains of yellow bark (1776) to a coarse powder, 
bruising it In a mortar, and boil it for twenty minutes in a large 
earthen evaporating basin, with eight or ten times its weight of 
water acidulated with half an ounce by measure of sulphuric 
acid. Strain the decoction through a large woollen or linen 
cloth, return the bark, and boil it again with the same quantity 
of water and acid, straining it as before, and washing it after- # 
wards with a little water. The decoctions are then to be mixed, 
and slaked lime in fine powder is to be added to them till the 
liquid becomes alkaline, examining it constantly with this view 
till it tinges the common test-paper green, and assumes a dark 
colour, a precipitate beginning to appear, and leaving a clearer 
liquid above. This is the first stage of the process, and when 
the bark is good, about 800 grains of lime are in general re- 
quired to produce the effect described. The bark contains the 
quina in combination with Kinic acid, a vegetable acid with 
which it is generally associated ; and by boiling it with sul- 
phuric acid and water, the kinate of quina is decomposed, the 
sulphuric acid combining with the quina, and forming sulphate 
of quina, which remains in solution along with the other mat- 
ters that the bark contains which are soluble in water. The 
■ 

woody fibre is scarcely affected by the, acid. In this manner, 
then, the quina is separated from the bark, and the solution 
which is obtained contains essentially sulphate of quina with a 
considerable excess of* sulphuric acid, which promotes its solu- 
bility in the water. When the lime is added, it combines with 
the excess of sulphuric acid, and also with the sulphuric acid 
of the sulphate of quina, forming sulphate of lime, and the quina, 
now losing the sulphuric acid that retained it in solution, is pre- 
cipitated, mixing as it falls with the sulphate of lime. The li- 
quid should he constantly agitated during the addition of*the 
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lime. By filtration, the quina and the sulphate are separated 
from the liquid, which still retains in solution most of the other 
matters that were dissolved at first by the water. 

1786. The next stage of the process consists in digesting the 
mixture of quina and sulphate of lime in alcohol, after it has 
been completely dried by exposure to a gentle heat on a sand- 
bath, or by placing it on a plate before the fire. It should be 
reduced to powder for this purpose, and mixed intimately with 
a small quantity of alcohol in a mortar, after which, four or five 
times its bulk of this fluid may be added, digesting for two or 
three hours, and then decanting the clear liquid that is obtained 
on allowing it to remain arrest for a short time. This should 
be repeated several times with fresh alcohol, till it ceases to ac- 
quire a bitter taste. The alcohol dissolves the quina, and leaves 
the sulphate of lime, and by evaporating the mixed liquids, the 
quina is obtained sufficiently pure for the preparation of the 
disulphate. 

1787. The alcoholic solution of quina should bo evaporated 
in a glass-retort, that the alcohol may not be lost, as it may 
he used repeatedly for the same process ; and the evaporation 
may be continued by the heat of a < water -bath, a sand-bath, or 
chauffer, till a viscid liquid is procured. Should a chauffer or lamp 
be used, the beginner must take care to allow the distillation 
to go on slowly, and to avoid carrying it too far, lest part of 
the quina be decomposed by the heat. When a considerable 
portion of the alcohol has been distilled over, the liquid boils 
irregularly, a violent ebullition taking place, which soon ceases 
altogether until it is again renewed as violently as before ; this 
may he in a great measure prevented by putting in small coils 
of platinum- wire, or of any solid matter that will not be affected 
by the liquid. None of these must he put in, however, while 1 
the ebullition is actually going on, , otherwise a large* quantity 
of vapour will rise immediately in the retort., and carry a por- 
tion of the liquid over into the receiver ; after allowing it to cool 
for a few minutes, they may be safely introduced. In general, 
the evaporation may be carried on till a quantity of solid mat- 
ter begins to be deposited on the sides of the retort, which will 
appear some tnpe after small globules of an oily-looking matter 
are seen on the surface of the liquid, rolling about in a very 
singular manner. On the large scale, the alcohol is usually dis- 
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tilled by a water-bath, or bv a pipe conveying steam made to 
pass through the interior of the still ; but when only a small 
quantity of materials is employed for illustrating the nature of 
the process, this may be done more conveniently with a glass- 
retort heated by a chauffer. 

1788. If the distillation be stopped when the appearances 
that have been described are seen, the fluid that remains in the 
retort will divide into two parts as it cools. The upper part is 
a hitter milky liquid, which has an alkaline reaction, turning 
the vegetable blues to a green ; and the lower part is composed 
of a viscid 'substance, which also contains a considerable quan- 
tity of quina. Hot water may then.be poured upon the residue 
in the retort, and sulphuric acid diluted with four or five times 
its bulk of water is to be added cautiously to the liquid till it is 
completely neutralized, using a small pipette for this purpose, ex- 
amining it constantly with a test-paper, and adding a very slight 
excess of acid. The solution of disulphate of quina thus pro- 
cured must be boiled with a little animal charcoal, and con- 
centrated by evaporation, after which stellated crystals of the 
disulphate will be deposited as it cools. l>y mixing a little ani- 
mal charcoal with the solution, the crystals may be obtained 
quite pure by the first crystallization. 

1789. If the solution should not deposit crystals, but remain 
thick like gum-water, by diluting it with a little water, and 
again heating it for a short time, the disulpliate will be deposited 
in crystals. They have a fine pearly lustre, are completely de- 
composed by heat, alkalis, and alkaline earths, the latter preci- 
pitating quina from the solution of the disulphate in water. 

1790. Disulpliate of quina may be prepared without alcohol, by 
u process pointed out by MM. Henry and Plesson, the details 
of which may be seen in the Quarterly Journal of Science for 
July 1827, It has also been prepared by Pelletier by an analo- 
gous process, in which oil of turpentine has been substituted for 
alcohol ; but the product is a little less than when alcohol is 
used. 

1791. According to the process of the London College, after 
boiling the bark in very dilute sulphuric acid, the sulphuric 
acid is precipitated by adding hydrated oxide *>f lead till it is 
nearly neutralized. To the filtered liquid ammonia is then 
added to precipitate the quina, which is washed with watt* till 
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the quina is free from this alkali. The quina is then neutra- 
lized by diluted sulphuric acid, and boiled with animal charcoal. 
It may then be filtered and crystallized. 

1792. Heat some disulphate of quina in a glass-bottle, bv 
putting it cautiously into hot water. It will assume a phos- 
phorescent appearance, a pale light being evolved. 

1793. Disulphate of quina bearing a very high price, it is 
frequently adulterated with a variety of substances. Earthy 
matter may be detected by exposing it to a red -heat, when all 
tlm disulphate of quina will be decomposed or volatilized, no- 
thing remaining but the earthy matter with which it* may have 
been mixed. 

1794. It has lately been adulterated to a considerable extent 
with stearine, one of the component parts of most fatty matters, 
which bears a considerable resemblance in its external appear- 
ance to this salt. They are easily separated, however, by di-« 
gcsting the mixture in water acidulated with sulphuric acid, a 
supersulpluitc of quina being formed, which is very soluble, 
and is dissolved by the water, while the stearine is left, and 
may be melted into a greasy fluid by a gentle heat. 

1795. Disulphate of quina is al:*> occasionally adulterated 
with sugar, which may be detected in the following manner. 
Dissolve 1 the suspected disulphato in water, ami add a solution 
of the carbonate of potassa, winch will immediately precipitate 
carbonate of quina ; filter the liquid, evaporate it cautiously 
with a very moderate heat, and digest the residue in alcohol. 
If any sugar should have been mixed with the disulphate, it will 
be dissolved by this fluid, and its amount may be ascertained 
by evaporating the liquid. 

1796. Sulphate of Quina may be procured by adding sul- 

phuric acid to the disulphate in solution. It is much more so- 
luble than the disulphate. # # 

1797. Acetate of Quina may he prepared in the same man- 
ner as the disulphato. 

1798. Tartrate, and Gallate of Quina, may be obtained 
by mixing solutions of the gallate, and tartrate of potassa, with 
a solution of disulphato of quina. They are insoluble in cold 
water, but soluble in hot water and in alcohol. 
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Cinchonia. Symb. OC 20 Il 12 N. Eq. 156.6. 

1799. This vegetable alkali may be prepared in the same 
manner from the pale bark as quina is procured from the yel- 
low bark, and bears a great resemblance to it in all its leading 
properties. It differs from it principally in being easily cry- 
stallized, and in the quantity of acid which it can neutralize. 


Skct. III. — Strychnia. 

• 1 

Symb. O 3 C 30 H 16 N. Eq. 237.8 = 0.24 + C.183.6 + H.16 + 

N.14.2. 

1800. This vegetable alkali is usually prepared from nux vo- 
mica, in which it exists in combination with a peculiar vege- 
table acid which has received the name of Igasuric acid , mixed 
also with a little Brucia (another vegetable alkali), gum, colour- 
ing matter, a fatty mattery aud woody fibre. The following is 
the method of procuring it : — The nux vomica is to be bruised 
in a mortar, and macerated in successive portions of water, and 
the liquid is to be evaporated to the consistence of an extract 
after it has been filtered ; the igasurate of strychnia will be dis- 
solved, and the solution will also contain a portion of gum. co- 
louring matter, fatty matter, and brucia. Hy digesting the ex- 
tract in alcohol, the gum will be separated, while the other 
substances will be dissolved ; and by evaporating the alcoholic 
solution to the consistence of an extract, and macerating it in 
cold water, the fatty matter will be left undissolved. The so- 
lution is then to he heated^ and an excess of lime-water is to be 
added to it. The strychnia and brucia will be precipitated along 
with the colouring' matter ; and on* macerating the precipitate 
in weak alcohol, the brucia and colouring matter arc dissolved, 
while the strychnia is left. If the strychnia he then dissolved 
in hot alcohol, minute crystalline grains of strychnia will be 
deposited as it cools. 

1801. According to the process of the London College, a so- 
lution of the igasurate of strychnia is prepared by boiling the 
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nux vomica in alcohol, evaporating, anil making a watery solution. 
On adding magnesia, igasurate of magnesia is formed, with 
which the strychnia is mixed. By digestion in alcohol, the 
strychnia is dissolved and separated from the igasurate of mag- 
nesia. The alcohol being separated by distillation, the strych- 
nia is converted into a sulphate bv adding diluted sulphuric 
acid, and crystallized. The crystals when dried and pressed 
are to be dissolved in water, and the strychnia precipitated by 
ammonia. Lastly, the precipitated strychnia is boiled in alco- 
hol, which deposits crystals as it cools. 

1802. Strychnia possesses the usual properties of a’ vegetable 

alkali, and has an intensely bitter taste. It is one of the most 
powerful poisons belonging to the vegetable kingdom. It is 
very sparingly soluble in wntcjr, and is usually said to be inso- 
luble in this liquid ,* it communicates to it, however, a distinct 
bitter taste, even when mixed with a very large quantity of 
this liquid. LOGO parts of nux vomica contain only live or 
six of strychnia. Exposed to a strong heat it is decomposed. 
Heated with sulphuric acid, liydrosulplmric acid is evolved. 
Its salts are soluble in water, intensely bitter, and aet as power- 
ful poisons. , 

1803. Warm tea and infusion of galls have been recommended 
as antidotes. 


VRRATRl A. 


Symb. 0 6 C 51 H 22 N. AV,. 202.28. 

1804. Veratria was prepared originally from the Veratrnm al- 
bum or white hellebore, but is now procured in general from the 
cevadilla, the seed of tin* flelonias officinalis. The following is 
the process adopted by tin* London College. 

1805. Bruise two pounds of cevadilla, and boil them for an 
hour in a gallon of alcohol, condensing the vapours of the al- 
cohol, which would otherwise be lost. Decant the solution, and 
repeat the boiling a second and a third time, using on each oc- 
casion another gallon of alcohol as at first. The cevadilla being 
pressed and drained, the mixed decoctions are then to be evapo- 
rated to the consistence of an extract, which contains essentially 
(fallal of veratria. 
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The extract is boiled three or four times in successive por- 
tions of water, previously acidulated with diluted sulphuric 
acid. The liquid thus procured contains the sulphate of vera- 
tria, and must be evaporated to the consistence of a syrup by a 
very gentle heat. 

Magnesia may now be added in excess to the impure sulphate 
of veratria, when sulphate of magfiesia is formed, and the vera- 
tria is set at liberty. 

From the preceding mixture, veratria is obtained by boiling 
in spirit of wine, separating the alcohol afterwards by distil- 
lation. 

The veratria is still impure, and is again converted into a 
sulphate by the addition of dilute "sulphuric acid, boiling the so- 
lution with animal charcoal. 

Lastly, ammonia is added to the solution of the sulphate, 
when sulphate of ammonia is formed in solution, and the vera- 
tria is precipitated. * 

1806. Veratria is usually procured in the form of a colourless 
powder. It has a hot and acrid taste, and excites violent and 
often dangerous sneezing. It melts on exposure to a moderate 
heat, producing a yellowish matter like resin. At a higher 
temperature it is entirely decomposed and dissipated. Alcohol 
is its proper solvent, and ether takes up a little ; but water only 
a very minute quantity, so that "it is usually said to be insoluble 
in this liquid. 

1807. From recent analyses, it appears that there are other 
vegetable alkalis associated with the veratria in the various ve- 
getable substances from which it is procured. 
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ORDER III. 

OLEAGINOUS AND OTHER COMPOUNDS ABOUND- 
ING IN HYDROGEN AND CARBON. 


1808. Steep ten or twelve .almonds in hot water, and bruise 
them in a mortar after peeling them ; then compress the almond- 
paste in a piece of linen, when a considerable quantity of a 
clear and colourless oil will be obtained. All the common fixed 
or expressed vegetable oils are prepared in a similar manner ; 
machinery being employed to give the required pressure. 

1809. Expose a small quantity of a fixed oil to cold by a 
freezing mixture ; part of it will soon consolidate, and a thinner 
part will remain above. The solid part is called Margarine or 
Stearine , and the fluid portion Elainff; Chevreul has shewn that 
all fixed oils and fats from the animal and vegetable kingdoms 
are composed of these two principles. The stearine is obtained 
pure by compressing fat between folds of bibulous paper so as 
to remove the elaine. 

1810. Soak some cotton in boiled linseed oil, and put it aside; 
afterwards in a safe place, where it cannot do any harm if it 
should take fire. The oil absorbs oxygen from the air, and 
being spread over an extensive surface on the fibres of the cotton, 
a considerable degree of heat is produced, and frequently it 
takes fire in the course of .a day or two. 

1811. Expose a portion of linseed for a long time;to a warm 
atmosphere, spreading it in a thin layer upon a plate. It gra- 
dually absorbs oxygen and assumes a tliickish consistence. All 
other Drying oils, as poppy, hempseed, and walnut oil, undergo 
similar changes when subjected to the action of the air. The 
warmer the air, the more rapidly is the change effected. 

1812. Boil a gallon of linseed oil mixed intimately with three 
ounces of litharge in fine powder, giving no more heat than is 
necessary to sustain a gentle ebullition, and continue the ebul- 
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lition for six or eight hours. 'Die reaction between the oil and 
the air proceeds more quickly than in the preceding case, and 
the oxide of lead is reduced. The thick compound procured is 
usually termed varnish, and is much employed as a basis in 
making paints. * 

1813. Mix 48 parts of olive oil with 1 of nitrate of mercury. 
The mixture becomes hard in twenty-four hours, if the olive 
oil be free from other fixed oils. If any of the latter be pre- 
sent, the olive oil nyxy thicken, but does not harden. The 
nitrate used for this purpose is prepared with 6 parts of mer- 
cury, and 7£ of nitric acid of sp. gr. 1.35, and contains much 
liyponitrous acid. Ilyponitrous acid alone produces a similar 
effect. 

1814. Expose rateseed, olive, mustard, or almond oil to 
the air, in the same manner as linseed oil, par. 1811. They 
ultimately become solid, and resemble tallow more than varnish. 
Hence they have been named Fat Oils. 

1815. Cocoa nut oil, Palm oil, and Nutmeg oil are termed 
solid oils ; they arc the more important of those that are pro- 
cured in the solid form. 

18L6. Mix some sulphuric acid with half its bulk of a fixed 
oil ; the mixture immediately becomes black and clotted, and a 
considerable quantity of sulphurous acid is soon disengaged. 

1817- Repeat this experiment with oil of turpentine instead 
of a fixed oil. A similar reaction ensues, but the mix time does 
not become thick. 

1818. Mix some nitric acid with another portion of the same 
fixed oil in a deep glass, taking care to avoid the sparks that 
are thrown out. A more violent reaction takes place than in the 
preceding case, and a large quantity of gaseous matter is dis- 
engaged. . 

1810. Mix some castoi;-oil and alcohol in a glass or bottle, 
shaking them together ; they unite in any proportions, and form 
a transparent and colourless liquid. Other fixed oils are in ge- 
neral insoluble in alcohol. Throw some of the above compound 
into water ; the alcohol combines with the water, and the oil is 
set at liberty. The affinity between alcohol and castor oil is 
not great, as they often separate spontaneously when kept for 
a long time. 

1820. Expose a quantity of some fixed oil to heat iu a re- 
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tort, over a good chauffer, collecting the liquid products in a 
receiver. A large quantity of inflammable gaseous matter is 
disengaged, and a thin empyreumatic oily liquid condenses 
in the receiver, very different from the fixed oil subjected to 
distillation. 

1821. Mix one part by weight of the water of ammonia and 
eight parts of olive oil. A* soap or liniment is immediately 
formed, called Oleum A wmomatum by the Edinburgh College. 

1822. By boiling fixed oils, fats, or resins with a solution of 
potassa or soda, soaps of different kinds may be obtained, the 
potassa giving a soft, and the soda a hard soap. Froln the ex- 
periments of Chevreul, it appears that the alkali does not com- 
bine directly with the oil, but* that the latter is decomposed, the 
stearine and elaine being converted into what are now termed 
Maryaric and Oleic acids, which form soap by uniting with the 
alkali. 

# 1823. There is a great variety of these acids, according to 
the nature of the oily or fatty matter from which they may have 
been prepared. 

1824. When the fixed oils are changed into these peculiar oily 
or fatty acids by heating them with* fixed alkalis and water, a 
new product, viz. Glycerine, is also detached from flic oily or 
fatty substances. The acids combine witli the alkalis and con- 
stitute soap; the glycerine remains in solution. It is there as- 
sociated with a little free alkali, which must lie neutralized by 
sulphuric acid. On evaporating to dryness, alcohol may he used 
to extract the glycerine ; the solution affords a syrupy fluid when 
concentrated. Glycerine is soluble in water and alcohol, has a 
sweet taste, does not crystallize, nor does it enter into the vinous 
fermentation. 

1825. Margaron, Stearon, and Olf.on arc the names given 
by Hussy to the products obtained by distilling a mixture of 
margaric, stearic, or oleic acids with 1 -4th of their weight of 
lime, and purifying the fatty or oily compound obtained, by re- 
peated solution in alcohol. Margaron and stearon can he crys- 
tallized, but oleon is liquid at natural temperatures. 

1826. Digest some soap in alcohol ; a solution is obtained 
which is frequently used as a test for the presence of earthy 
salts in water. 

1827. Bv distilling the greater portion of the aleohol from 
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an alcoholic solution of soap, and allowing the residue to con- 
solidate, transparent soap may be obtained ; the strong solution 
may be poured into a mould while still warm. 

1828. Pour a little of the solution of soap in alcohol into a 

glass of distilled water. The solution of the soap will diffuse 
itself through the water, which will remain quite transparent 
and colourless. * . 

1829. Soap is decomposed by numerous acids, which combine 
with the alkali, separating the oleaginous acid. Alkaline earths 
form a white precipitate with the oleaginous acid, leaving -the 
alkali in solution. 

1830. Add some of the solution of soap in alcohol to a glass 
of water, in which a little of the* sulphate or hydrochlorate of 
lime has been dissolved. The acid in combination with the lime 
unites with the alkali of the soap, forming a salt which remains 
in solution ; and the margaric and oleic acids unite with the lime, 
an imperfect soap being produced, insoluble in water, which ik 
deposited in the form of a white curdy precipitate. 

1831. Similar experiments may be made with a solution of 
soap and other soluble earthy salts, and also with solutions of 
most of the metallic salts. . 

1832. Fixed oils combine also with oxide of lead, forming 
thick tenacious compounds or plasters. In preparing them, the 
oxide of lead should be reduced to a very fine powder, and ex- 
posed to heat with the oil and water till they have combined 
into a mass of a uniform consistence. 

The combination may be effected by heating the mixture 
without water, but then a portion of the oil is almost always 
decomposed from the high temperature which the materials are 
apt to acquire when no water is used, and the compound has a 
black colour from a portion of carbon which is disengaged. 
The oxide of lead is also apt to be reduced by the action of the 
warm oil.* They -may be obtained of various degrees of con- 
sistency by mixing them with different proportions of wax and 
resin. 

1833. Put ten or twelve grains of phosphorus into a Florence 
fiask with three or four ounces of olive oil, and digest the mix- 
ture for some time with a very gentle heat. Part of the phos- 
phorus is dissolved, and the oil appeal's luminous in the dark, 
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whenever it is exposed to the air, the phosphorus combining 
with the oxygen of the air. 

1834. Turpentine is the name given to the viscid substance 
which exudes from incisions made in the pinus abies and the 
pinus silvestr js. It is composed of a volatile oil and two 
resinous compounds. 

1835. Mix turpentine with water, and subject it to heat in a 
still. A retort may be used on the small scale. The volatile 
oil of turpentine passes over into the receiver along with the 
water, and the resin is left. 

1836. Add to oil of turpentine a little vegetable Wue. It is 
in general immediately reddened, from the presence of a little 
vegetable acid. 

1837. Some varieties of oil of turpentine boil at 312°, and 
others at 350°, from which it has been inferred, that there are 
different species of oil of turpentine. 

# 1838. Oil of turpentine, exposed for a long time to the action 
of oxygen gas, absorbed 118 times its bulk the first year, but a 
much smaller quantity afterwards, the absorption probably being 
arrested by the carbonic acid, hydrogen, and nitrogen, which 
had been liberated at the same time.. The origin of the nitrogen 
has not been so distinctly traced as that of the other gases. 

1839. Small quantities of chlorine are absorbed by oil of tur- 
pentine. Iodine is very soluble in it. 

1840. Dip a piece of paper in oil of turpentine, warm it 
slightly if very cold, and introduce it into a large vase contain- 
ing chlorine ; the oil of turpentine is usually inflamed, and much 
carbon separated, the chlorine combining with its hydrogen. 

1841. Camphene is a term now applied by many to oil of 

turpentine which boils at the temperature of 313°, and is re- 
garded as a compound of ten eqs. of carbon and eight of hydro- 
gen. tfymb. C I0 H 8 . # 

1842. Citrene is the name given to the volatile oil of lemons. 
It resembles camphene in its chemical properties, though differ- 
ing much from it in its odour. It is usually procured by ex- 
pression. With hydrochloric acid it forms the k) drochlorate of 
citrene, which resembles artificial camphor. 

1843. Orange Flower Oil is procured by distillation with 
water from the flowers of the orange tree. It is sparingly soluble 
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in water, producing with tliis fluid the fragrant orange-flower 
water. 

1844. Ojl of Clovks is very hot to the taste, and is composed 
of two distinct oils ; one of these resembles eamphene, but the 
other is not so volatile. 

1845. Hydruret of Bfnzule, or Volatile Oil of Bitter 
Almonds. This substance has attracted much attention of late 
from the number of changes of which it is susceptible, and the 
circumstances under which it is produced. The fixed oil of bit- 
ter almonds, when prepared by expression, and without heating 
the materials, contains no volatile oil ; but when the residuum 
after the expression of the fixed oil, or the bruised bitter almond 
before any oil has been expressed, ' is subjected to the action of 
heat with water, a volatile oil may be obtained by distillation, 
which is now considered not to have pre-existed in the almond, 
but rather to have been produced by the action of heat upon the 
materials used. It contains a considerable quantity of hydro-* 
cyanic acid, and is extremely poisonous. Vogel also maintains, 
that, even after the hydrocyanic acid has been entirely sepa- 
rated, the oily matter that remains is a powerful poison. 

1846. The elaborate investigations of Wohler and Liebig in 
reference to the constitution of this oil have shewn, that it may 
be regarded as a hydruret of a peculiar basis which has been 
termed Benzole. Tliis lias not bi/en procured in a free state, but 
may be separated from one substance and transferred to another 
in numerous combinations. The following table 1 gives a view of 
the composition of Benzule and tlic more important combinations 
into which it enters 


lleuzule, liz orO*C ll ll.\ 

Oxide, or lionzoic Arid, .... 0 + O a C ,, H : \ 

Hydruret, or distilled oil of hitter almonds, II -f- O^C'MP. 

Sulphurot, S + 0*0' MI 5 . 

Cyanide, ■ C*N + 0*C l4 II-\ 

Chloride, Cl + 0*C ,4 Jf 5 . 

liroiuide, Hr + 0*C ll ll* 


1847. Amygdalin is the term applied to a white crystalline 
compound which is procured from # the bitter almond. To pre- 
pare it, take the residuum left after expressing the fixed oil of 
the bitter almond. Boil it in highly rectified alcohol. Separate 
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from the solution when cold a little fixed oil, which is soon de- 
posited, and filter. Ainygdalin is slowly deposited from the 
alcoholic solution ; and, by concentrating the remaining solution 
and adding ether, an additional quantity is precipitated. The 
ainygdalin is compressed and dried, and boiled again in alcohol, 
from which it is deposited in crystals as it cools. 

1848. Ainygdalin is inodorous, but has a sweetish bitter taste. 
It is soluble in alcohol, but insoluble in ether. Its action with 
water has been imperfectly investigated. » It is soluble in a solu- 
tion of potassa; and, when this is boiled, ammoniacal ga$ is 
evolved, proving the presence of nitrogen in ainygdalin. 

1849. Emulsin is the term applied to a substance found in 
the almond, which resembles vegetable albumen ; and, from a 
mutual reaction between it and ainygdalin, the volatile oil and 
hydrocyanic acid procured by distillation are supposed to arise. 

1850. Oil of Roses is a soft solid below the temperature of 
£0°, and is procured by distillation from the petals of the Rosa 
centifolia, after mingling them with water. The quantity of oil 
in the roses of this country is too small to admit of the process 
being carried on economically, except with the view of commu- 
nicating a small quantity to water. • 

1851 . Pour a little oil of turpentine and fixed oil on two pieces 
of paper, and expose them to heat before the fire. The oil of 
turpentine is soon volatilized, and no stain is left upon the* paper ; 
but the fixed oil does not disappear unless the paper be exposed 
to a temperature sufficient to destroy it. 

1852. Mix a small quantity of any of ,the volatile oils with 
three or four times its bulk of water, and expose the mixture to 
heat in a glass-retort placed over a chauffer, condensing the pro- 
duct in a receiver kept cold by water. % The volatile oil rises 
in vapour at the same temperature as the water, and is collected 
in the receiver ; when distilled alone, volatile oils in general re- 
quire a temperature upwards of 300° before they boil. 

1853. The sulphuric and nitric acids act violently upon the 
oils when mixed with them ; and all experiments made; with 
these substances must be cautiously performed. Considerable 
heat generally accompanies the action, a large quantity of gase- 
ous matter is suddenly extricated, and the mixture often inflames. 
Mix one dram of sulphuric acid by measure with four drams of 
strong nitric acid in a glass, tied to one extremity of a stick or 



iron rod at least three feet long, and pour the mixture upon two 
drains of ojd of turpentine placed in a small cup or evaporating 
basin under the chimney ; the turpentine is immediately in- 
flamed, and a large quantity of gaseous products disengaged. If 
the experiment he performed in the open air, innumerable little 
vesicles of a dark colour very frequently appear, which float for 
a short time in the surrounding atmosphere ; they are probably 
composed of carbon. 

1 854. Put a small crystal or about a grain of the powder of 
chlorate of potassa on paper, pour a little oil of turpentine over 
it, and touch it with a glass-rod dipped in sulphuric acid. Bisul- 
phate of potassa is formed, and peroxide of chlorine (chlorous 
acid) is disengaged, which immediately causes the oil of turpen- 
tine to take fire. 

1855. CAMPnoa, or Oxide of Camphene, is a very inflammable 
solid, which melts at 288°, and boils at 400°, having a fragrant 
agreeable odour. Besides the ordinary camphor, procured by 
distillation from the Lauras camphora, many other varieties have 
been described. 

1856. Dissolve camphor in alcohol, and pour the solution into 
water. The alcohol combines with the water, and the camphor 
is precipitated. 

1857. When camphor is to be reduced to powder, a few drops 
of alcohol added to it enable it to be easily pulverized. 

1858. Dissolve camphor in strong nitric acid, till a solution 
appears as an oily fluid floating upon the top of the remaining 
acid. Decant the solution and pour it into 20 times its bulk 
of water ; the acid is withdrawn, and the camphor deposited. 
By heating it with nitric acid, camphoric acid is formed. Strong 
acetic acid dissolves camphor, the solution being decomposed, 
as in the preceding cases, by the action of water. 

1859. 4 RTIFICIAL Campjhor. Cool oil of turpentine by ice, 
and pass dry hydrochloric acid through it till it ceases to ab- 
sorb any more. When the liquid thus procured is allowed to 
remain at rest for a day or two, the artificial camphor is depo- 
sited in crystals, which are purified by compression in bibulous 
paper, dissolving them subsequently in alcohol, from which the 
camphor may be separated by crystallization. It varies in its 
qualities according to the oil of turpentine from which it is pre- 
pared. It is regarded as a compound of one equivalent of hy- 
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drochloric acid and one of camphene, and may accordingly be 
termed the hydrochlorate of camphene. It is highly inflam- 
mable, and its odour resembles considerably that of camphor. 

1860. Balsams are viscid fluids or solids procured from various 
vegetables by exudation. They contain Benzoic acid . 

1861. Amber is regarded^ as a concreted balsam. In a che 
mical point of view it is principally interesting as affording on 
sublimation succinic acid, which is employed in precipitating 
per-salts of iron after combining it with«ammonia. 

1862. Resin, Common Resin, or Colophony is the brittle 
solid that is left after the volatile oil of turpentine has been 
expelled from turpentine by # heat. Under the general term of 
resins, however, a great variety of substances are included. 
Their properties have lately attracted much attention, many 
new compounds having been procured from them. They arc in 
general fusible, highly inflammable, and insoluble in water, but 
soluble in alcohol, oil of turpentine, and other oily substances. 

1863. Expose some common resin to heat in an iron cup. 
It soon melts, and by increasing the heat it is completely de- 
composed, a large quantity of gaseous matter being disengaged, 
which burns with a rich flame, prc*lucing a large quantity of 
smoke, and leaving a small quantity of a black matter, composed 
principally of carbon. 

1861. Dissolve some resin in alcohol, and throw the alco- 
holic solution into water ; a copious precipitate is thrown down 
immediately, the water combining with the alcohol which had 
dissolved the resin, and separating the latter in the powdery 
form. 

18C5. Caoutchouc is the concreted juice of the Ficus elastica , 
usually darkened in its colour by the qction of smoke upon it. 
It is fusible at 248° ; and. is decomposed, and burns with much 
smoke, when exposed to the action of the air at a higher tempe- 
rature. By destructive distillation, Mr Enderby and Mr Beale 
have procured various oily products, which have been examined 
more particularly by Boucliardat. These are — 

Eupion and quadro-carbureted hydrogen, similar to what may 
be procured by other processes. 

Caoutcheene, a new volatile oil, very inflammable, and boil- 
ing at a temperature between 50° and 60° ; it is extremely light, 
its sp. gr. being 0.65. Hevkene, another oily substance, much 



less volatile than the preceding, requiring a temperature of about 
600° for ebullition, and having a specific gravity of 0.90. 

1860. Caoutchouc softens in water, so that one portion can 
then he fixed or agglutinated by pressure with another. Ether 
freed from alcohol by washing with water, dissolves this sub- 
stance ; the ether in this condition containing a portion of water. 
Oil of turpentine and naphtha are the solvents more generally 
employed. According to Mr A. Andrews, if it be cut into fine 
threads and immersed* in common sulphuric ether, or a solu- 
tion of an alkali (carbonate of soda 2 oz. to a pint of water ntay 
he used), and then put into oil of turpentine, it dissolves with 
facility ; and when spread on cloth, and exposed to a dry atmo- 
sphere, it speedily dries and assumes its original properties, 
usually in twenty-four hours. 

1867. Calico, linen, or articles of clothing, may receive a 
coating with this solution, sufficient to render them waterproof 
without materially altering their general appearance or in juring 
their pliability. See par. 1881. 

1868. Bek’s Wax resembles the preceding substances, and 
may be classed along with them, though of animal origin. It 
is purified by melting it in water, spreading it out into thin 
ribands, and exposing it afterwards to the action of light, air, 
and moisture. Pure wax melts at 150°, and burns with a bril- 
liant light at a higher temperature, as in the common wax 
candle. It is insoluble in water, resists the action of hydro- 
chloric, hydrofluoric, and other powerful acids, hut is soluble in 
boiling alcohol, and oil of turpentine. It is composed of two 
distinct principles, Ckrin and Myuictn, resembling each other 
considerably ; hut they fuse at different temperatures, are un- 
equally soluble in aleolipl, and differ also in other loss important 
properties. Many varieties of wax have been pointed out which 
have been procured directly, from the vegetable kingdom. 
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18G9. Aqueous IIydruket of Carbon, orPvnoxiuc Spirit, 
is the name given to a compound of oxygen, carboh, and liy- 
drogen, in which these elements are associated in proportions 
which might form one eq. of water and one of liydruret of carbon. 
It lias unfortunately received many different appellations, as 
Pyroliy neons Ether, Hydrate of Carbohydrogeu, Hydrate- of Methy- 
lene, Hilt y dr ate of Methylene. Its symbol isOCII*, or II + IIC.* 
# M ethylene (from (lsQu wine, and iXri principle) is the term ap- 
plied to a compound of one eq. of carbon and one of hydrogen, 
which is considered to have one-lmlf of the density of the liydruret 
of carbon or ol chant gas. It has not been insulated, hut it is 
believed to exist in numerous combViations, and is the supposed 
base of pyroxilie spirit. A great number of compounds have 
been lately formed containing this substance, as the sulphate, 
nitrate, and acetate of methylene ; but the pyroxilie spirit is the 
most important. Mkthylk is a term proposed by Dr Thomson 
to designate a compound (C 2 1I 3 ) which he considers might be 
regarded as the base of pyroxilie spirit. 

1870. Pyroxylin Spirit is procured with the aqueous fluid 
obtained on subjecting wood to destructive distillation. It is 
separated from the tar, and a tenth part being removed by dis- 
tilling again, the pyroxylic spirit is procured from this by repeated 
rectification, distilling it ultimately after mixing it with lime, 
which retains any acetic acid and water, and causes the evolu- 
tion of ammonia. 

1 87 1. Pyroxilie spirit is a transparent, colourless, and inflam- 
mable fluid, resembling alcohol in appearance, burning with a 
similar flame, and mixing in all proportions with water. It boils 
at a temperature which has been stated as low as 137° and as 


to several works, the atom is doubled, being represented by 0*C a ll 4 . 
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high as 160°. Exposed to air and spongy platinum, formic and 
acetic acids are produced. If the pyroxilic spirit be dropped in 
minute successive quantities upon the spongy platinum, incan- 
descence quickly takes place, and then carbonic acid is one of the 
principal products developed. 

1872. Dry chlorine and vapour of pyroxilic spirit produce hy- 
drochloric acid with explosive violence (Kane). When the li- 
quid spirit is distilled after mixing it with the chloride of lime, 
a new compound is forrped which Dumas has termed Chloroform. 

1873. Pyroxilic spirit combines with alkalis and earths, and 
many saltfe, forming, it is presumed, definite combinations with 
them, as alcohol does. It also dissolves a number of organic prin- 
ciples. Mixed with four parts of aqueous sulphuric acid, a gas 
is disengaged isomeric with alcohol, half of the water of the 
pyroxilic spirit being removed. It is considered that though 
this compound may be isomeric with alcohol, its atomic weight 
may be double or one half of that of alcohol. It has an etlie* 
real odour, burns like alcohol, and is condensed by water. 

1874. Pytioacetic Spirit or Acetone. & It/mb. OC 3 II 3 . This 
fluid is prepared in general by destructive distillation from 
acetate of lime, rectify ingtthc liquid thus obtained by repeated 
distillations from a retort heated by a water-bath. Chloride of 
calcium is mixed with it to retain water. 

1875. Pyroacetic spirit is transparent, colourless, and inflam- 
mable, burning with a flame which resembles that of ether. It 
boils at 132°, and combines in any proportion with water. 

1876. Metacetonj: is the term applied to a colourless liquid 
prepared by heating sugar with dry lime, acetone being formed 
at the same time and mixed with it. It is colourless, insoluble 
in water, combines with alcohol and ether, and boils at 183 ’. 

1877. Benzine is the name applied by Mitsclierlich to the 
bicarburet of hydrogen, wjiich is procured by heating benzoic 
acid with lime. His nitrobenzide and sulphobenzide are com- 
pounds formed -by the action of nitric and sulphuric acid on 
benzine. 

1878. Benzone is a volatile fluid which was procured by Pe- 
ligot by heating dry benzoate of lime. Its symbol is OC 13 H 5 . 
It has been considered analogous in some of its properties to 
acetone. 

1879. Naphtha is an oil obtained by distillation from* coal- 
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tar, similar to that which is found native in many parts of the 
globe, and known by the name of Mineral Naphtha . It is com- 
posed of carbon and hydrogen united in the same proportions 
as in the preceding compounds. It is liquid at natural tempe- 
ratures, and produces a dense vapour when volatilized. It is 
purified by mixing it with a small quantity of sulphuric acid 
and redistilling it in a glass-retort. 

1880. There are many varieties of this liquid. Some kinds 
containing no oxygen are used for preserving potassium, a sub- 
stance that takes oxygen rapidly from all fluids in which this 
element exists, and from atmospheric air. But other kinds, 
more especially those obtained by the first distillation from coal- 
tar, are totally unfit for this purpose, from the quantity of oxy- 
gen which they contain. It is fit for this purpose after having 
been frequently rectified by distillation, being previously mingled 
with chloride of calcium, or other bodies which absorb moisture. 
# 1881. Naphtha unites readily with sulphuric ether, alcohol, 
and oils. It is dissolved by some of the gases, and is supposed to 
impart to coal-gas its offensive smell. Caoutchouc swells in naph- 
tha, and is dissolved afterwards by the action of long continued 
heat. The viscid solution is spread upon pieces of cloth, and these 
closely pressed with the varnished sides in contact, and gently 
heated to expel the naphtha, form the watetproof cloth , which 
thus consists essentially of two layers of cloth with a film of 
caoutchouc between. 

1882. Mineral naphtha is often procured quite colourless, and 
may be obtained with a less specific gravity than naphtha from 
coal-tar. Dr Gregory has procured it by frequent rectification 
with a specific gravity of .744, having previously heated it al- 
ternately with sulphuric acid and a solution of potassa. The 
product he obtained approached much in its properties to the 
eupion of Reichenbach. It then boiled at 180°. But the 
naphtha of coal-tar has usually a specific gravity a little above 
.800, and boils at temperatures varying from 300° to about 360°. 

1883. Naphtha, oil of turpentine, and other volatile oily sub- 
stances, usually produce a large quantity of smoke, so that they 
are unfit for use in an ordinary lamp. But if a very broad flat 
wick be used, and a glass chimney be provided, closed up par- 
tially below with plates of mica so that the air can enter solely 
along, either side of the wick upon which the naphtha burns, 
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the temperature to which the oil is subjected is so great, that 
all the carbon is consumed, and an extremely brilliant light 
given out. (See naphtha-lamp, miscellaneous apparatus.) 

1884. Quadko-Carbuketed IIvduogen. — Symb. C 4 H 4 . Eq. 
28.48 r=; C.24.48 + 4 II. When oil-gas is condensed at the 
portable gas-works, a liquid is obtained at the same time, from 
which this compound may be distilled by the heat of the hand ; 
it must be condensed in a receiver reduced to the temperature 
of zero by a freezing mixture. It boils at a temperature below 
the freezing point of water, and is very inflammable. Its* va- 
pour is twice as dense as the hydruret of carbon. 

1885. Bicauuurkted Hydrogen. — Symb. C*II. Eq. 13.24 
= CM2. 24 1 H. Prepared from the same fluid that yields 
the preceding compound, condensing from the vapour that is 
produced when it boils at the temperature of 180°. Very in- 
flammable, burns with much smoke. It occupies, when in the 
gjiseous form, I— 9th of the space its elements do when unconf- 
bined. See par. 1877. 

1886. Naphthaline is another compound of carbon and hy- 

drogen, obtained when the distillation of naphtha from coal-tar 
is conducted at a low temperature ; it condenses in rhomboidal 
plates in the neck of the retort. According to Reiclienbaeh, 
naphthaline does not exist in coal-tar, but is produced during 
its decomposition on the application of heat. It is white when 
pure, melts at 180°, and boils at 410°. It is insoluble in cold 
water, but is dissolved by naphtha, alcohol, and ether, and in 
small quantity by hot water. Chlorine forms two compounds 
with naphthaline, but when first brought in contact with it, hy- 
drochloric acid is produced. Bromine also can produce hydro- 
bromic acid ; both these substances taking hydrogen from the 
naphthaline. r 

1887. .Napiithalese, ^ituonaphthalese and Nltuonafh- 
tiialase are the names applied to compounds discovered by M. 
Laurent, formed by the action of nitric acid on naphthaline. 

1888. Naphthaline combines with sulphuric acid, and forms 
a compound which has acid properties ; it is named the sulp/io- 
naphthalic acid. 

1889. Pakanaphthalixe was prepared by Dumas from one 
of the oily fluids obtained by distillation from coal-tar. By 
cooling it to zero, the paranaphthaline is deposited in minute 
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crystals; any naphthaline is separated by boiling alcohol. It 
may then be purified by distillation. 

1890. Paranaplithalinc melts at 356°, and boils at 572°, con- 
densing in crystalline plates. Water does not dissolve it ; al- 
cohol and ether, when boiling, dissolve a little, which is precipi- 
tated again as they cool. Oil«of turpentine is the most powerful 
solvent. 

1891. Iduialine is the term applied to a crystalline com- 
pound of carbon and hydrogen, which, according to Dumas’s 
analysis, is a tercarburet of hydrogen. It was prepared by dis- 
tillation from a peculiar ore of mercury termed Branderz. It is 
soluble in oil of turpentine. ' ' 

1892. Paraffine or Petroline, discovered by Dr Reiehen- 
bach, and by Dr Christison, is obtained with greatest facility 
by distillation from the tar of beech-wood, and from the petro- 
leum of Rangoon. On distilling beech-wood tar to dryness, 
three liquids are procured in the receiver, a light, oil at the top, 
a heavy oil below, and a watery acid liquid between them. By 
distilling the heavy oil, which is to be separated from the other 
liquids, and collecting in a receiver by itself the more solid 
portions, the paraffine is obtained in scales, not very impure. 
The impurities mixed with it arc decomposed by sulphuric acid, 
on heating to 212°. After digesting for some time with this 
substance, much sulphurous acid is disengaged, and a colourless 
fluid floats upon the top ; it contains paraffine and an oil, and, 
after decantation, it congeals, when the oil may bo separated by 
pressure with bibulous paper. The paraffine remains in the 
solid form, and is still farther purified by boiling in alcohol, and 
forming crystals from the alcoholic solution. 

1893. It is white, solid, tasteless, inodorous, soluble in alcohol, 
turpentine, and naphtha, crystal lizahle, and fuses at 1 11°. It 
resists the action of acids, alkalis, ami other energetic 1 ' chemical 
agents. It burns brilliantly, and without smoke. The name 
paraffine is derived from the words parum and nffinis, indicating 
its feeble tendency to enter into combination with other sub- 
stances. 

1894 Eupion. This term is derived from ev, well, and bnuv, 
fatty. It is liquid at natural temperatures, boils at 339°, and 
is soluble in alcohol, ether, and oil of turpentine?. Reichenlmch 
procured eupion bv a variety of processes from different kinds 

K k 
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of tar, being usually separated from paraffine, with which it is 
generally associated, by decantation, after the paraffine is de- 
posited in the solid form. 

1805. Of late, he has prepared it in a purer form, and with 
greater facility, from rape-seed oil, by destructive distillation. 
The first and last products of distillation being separated, the 
intermediate portions are again distilled. By a third distilla- 
tion, it is sufficiently purified for mixing it with aqueous sul- 
phuric acid, and distilling it again. It is then washed well with 
a solution of potassa, adding subsequently aqueous sulphuric 
acid, and distilling repeatedly, at temperatures reduced gradu- 
ally at each successive operation, .till it rises in vapour at 97°. 
Chloride of calcium is used previous to the last distillation, to 
remove effectually any adhering moisture. 

189G Kiieosote (from xgsas 1 , flesh, and I save). This is a 
transparent, colourless, and inflammable liquid, burning with a 
smoky flame. Sp. gr. 1.037. Boils at 397°. Its odour is very pe- 
netrating, resembling that of smoked meat. It is very antiseptic, 
and on it the antiseptic powers of smoke and pyroligneous acid 
depend. It coagulates albumen, from which property its anti- 
septic virtues are probably derived. It is soluble in alcohol, 
eupion, and bisulpliurct of carbon. By nitric and sulphuric 
acids, it is decomposed. It cojnbines with alkalis and earths. 
It has been employed in toothache, being applied in minute 
quantity where the tooth is decayed. 

1897. Kiieosote has been used in solution in water for pre- 
serving animal substances from decay ; it can combine with 
water in two definite proportions. In these the kreosote and 
water are united in the following proportions : — 

Water. Kreosote. 

First compound, 1.25 + 100 

Second compound, 10 4* 100 

• • 

1898. Kreosote, when heated with binoxide of mercury, with- 
draws the oxygen and revives the mercury. Some metallic 
salts also are reduced by it, as the nitrate of silver. Carbonic 
acid displaces kreosote from its combinations with the alkalis. 
Kreosote can also dissolve a number of vegetable colouring 
matters. 

1899. Kreosote is prepared by repeated distillation from the oil 
distilled from wood-tar, the distillation of the latter never* being 
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carried so far as to devclope new products by tlie decomposition 
of the tar. The heavy oil that sinks in water is preferred, ami 
separated from any lighter oil and acidulous liquid that may 
accompany it. Carbonate of potassa is added to neutralize 
acetic acid ; the acetate having been removed, the distillation 
is commenced. Phosphoric acid is then employed to separate 
ammonia, and potassa is subsequently combined with it, that 
the eupion associated with it may float upon the surface and be 
removed ; the potassa is separated afterwards by sulphuric acid, 
and the kreosote again distilled, when the sulphate of po.tassahas 
been removed. 

1900. Capnomor, from xatoos, smoke, and ^o/ga, a part. Pro- 
cured by heating the heavy oil of tar with potassa. The pi- 
eainar is decomposed along with the pittacal find kreosote, the 
capnomor floating on the surface. On adding sulphuric acid, 
any eupion is separated, the capnomor combining with the acid. 
Carbonate of potassa is added to neutralize the acid, and tlu 1 
capnomor is then purified by distillation. It is transparent, 
colourless, and fragrant. Some specimens prepared in the man- 
ner described are powerfully alkaline^in their action on the ve- 
getable blues. 

1901. Pittacal is the name given to one of the principles 
of tar, which gives a blue colour to baryta in solution ; this 
term is derived from tf/rra, pitch, and xaXos, beautiful. 

1902. Picamar is tlie bitter principle of tar. Picamar is de- 
rived from pisn, pitch, and amarus , bitter. Obtained by distil- 
lation, from oil of tar having a great specific gravity. 

1903. Tar is the impure resinous matter obtained from the? 
fir-tree by the action of heat. It is black from the charcoal 
mechanically mingled with it. Subjected 4o heat without access 
of air, acetic acid, water, hnd many inflammable products, are 
expelled, the resinous matter being ldft, blackened by the char- 
coal, and in the form of pitch. If all oily matter be expelled, 
the pitch is bard, but if part be left, the pitch is more or less 
soft. 

1904. Coal subjected to heat, besides the gaseous products 
and water charged with ammonia, gives a tar rcscmbliri£ in 
many of its properties that which is procured from wood. 
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ORDER. IV. 

ALCOHOL, ETHERS, and other Inflammable Compounds 

NOT INCLUDED IN THE PRECEDING ORDER. 

* Alcohol. 

« 

St/mb. OC*H\ or H + 2 HC. Eq. by W. 23.24 = 0.8 + C.1 2.24 
+H.3 ; or , water 9 + 14.24 olefiant gas. Sp. gr. .700. Equi- 
valent by volume □. Sp. gr. of the vapour of alcohol 1 .607 i 
weight of 100 cubic inches 49.8 grains. 

1905. Alcohol has not hitherto been prepared by the direct 
combination of its elements, but is always procured by distilla 
tion from liquids that have undergone the vinous fermentation. 

1906. The term fermentation is generally used to express 
those changes which dead animal and vegetable matters in con- 
tact with water undergo at natural temperatures. When a 
solution of sugar undergoes fermentation, an intoxicating li- 
quid is produced, as ale or wine, its properties being more or less 
modified by the mucilaginous matter and other substances which 
it may contain. This is termed the Vinous Fermentation, 
as the product, in all cases of this kind, contains a portion of 
alcohol, such as is obtained from the fermented juice of the 
grape. When the liquid becomes sour, the Acetous Fermen- 
tation is said to take place, as a quantity of acetic acid or vine- 
gar is then formed. All moist vegetable and animal substances 
arc subject to a still farther change from the spontaneous reac- 
tion of their elements, which is termed the Putrefactive Fer- 
mentation, when a large quantity of offensive gases is disen- 
gaged. 

1907. To observe the changes that take place during vinous 
fermentation, put a solution of three or four ounces of sugar in 
four times its weight of water into a glass retort or flask, add 
a small quantity of yeast, which may be procured from anv 
brewery, and put the beak of the retort (or the extremity of a 
bent tube fitted to the flask, if it be preferred) under the mer- 
cury in a pneumatic trough, a jar being placed above it to col- 
lect the gas that is disengaged. If there be no proper appa- 
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ratus for fixing the mercurial jar, the experiment may be per- 
formed with a water-trough, but in this case a considerable por- 
tion of the gas which is disengaged will be absorbed. The solu- 
tion should be placed where it is exposed to a temperature be- 
tween 70° and 80° ; it soon becomes turbid, and a quantity of 
carbonic acid gas is evolved i a frothy scum collects on its sur- 
face, and in a few days it again becomes clear. On examining 
it in this state, the sugar is found to have been in a great mea- 
sure decomposed, and also part of the yeast ; and the alcohol 
which it now contains, with the carbonic acid disengaged, are 
found to be equal in weight to the sugar which has disappeared. 
It is by the decomposition of the sugar, then, that these new 
products are formed, the yeast causing the commencement of 
the intestine changes by which they are produced, though the 
precise mode in which it effects this has not been explained. 

1908. The manner in which the alcohol and carbonic acid are 
produced by the decomposition of the sugar may be illustrated 
by a diagram. Every 15.12 parts of sugar are composed of 8 
parts of oxygen, 6.12 of carbon, and 1 of hydrogen ; or of one 
equivalent of each of these elements, according to some analyses. 
But if we adopt more recent analyses, there arc only 10 cqs. of 
hydrogen and 10 of oxygen to 12 of carbon ; and a portion of 
water must come into play, to make up an equal number of par- 
ticles of oxygen, carbon, and hydrogen, if alcohol and carbonic 
acid be the sole products of vinous fermentation. Then, 45.36 
parts of sugar (or of sugar with two eqs. of water) give one equi- 
valent of alcohol and one of carbonic acid. 


*S u<jar decomposed. 

f Oxyg. 


45.36 Sugar < 


Oxyg ....fl 
Oxyg. ...8 
Carl), a 12 
Carb. 6.12 
Carb. 6.12 

Hyd 1 

Ilyd 1 

Hyd 1 


Fig. 22!). 


Prodiicts. 

22.12 Carbonic Acid Ga«. 



23.24 Alcohol. 


Synib. 3 OCH =. :C & OCHV. 


1909. The equivalent number of alcohol is 23.24, consjjiting 
of 1 equivalent of oxygen, 2 of carbon, and 3 of hydrogen. It 
has been regarded as a compound of 1 measure of watery va- 
pour*(l equivalent) and an equal bulk of olefiant gas (2 equiva- 
lents), condensed when ih the state of vapour into a volume no 
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larger than 1 measure, which is therefore its equivalent by 
volume. The following diagram, similar to one in a former sec- 
tion, shews the manner in which its elements must be arranged 
according to this opinion. 


Fig. 230. 


23.24 Alcohol 


) 


Oxyg. ...8 k — ^9 Water. 

Carb. 6.12. 

Carb* 6.12 
Hyd 

Hyd 1 Olefiant Gas. 

Hyd 1 \-vJ.\2 Olefiant Gas. 

Symb. OC 8 II 3 = H & 2 HC. 


1910. Yeast or Ferment is the term applied to the substance 
which separates in small viscid flocculi from all solutions under- 
going the vinous fermentation, and which is capable of in- 
ducing the same fermentation in liquids similar to those by 
which it is produced. When dried by a gentle heat it may be 
preserved without change, but if it be heated in boiling water, 
it is no longer capable of exciting the vinous fermentation. It 
consists of carbon, oxygen, hydrogen, and nitrogen. 

1911. If the fermented liquor be exposed to heat in a retort, 
the alcohol, from its greater volatility, rises first, carrying a por- 
tion of water along with it, and may be condensed in a receiver. 
By stopping the distillation when the last portions of alcohol 
have been disengaged, it may be separated not only from the 
mucilaginous matters with which it may have been previously 
combined, but also from the greater part of the water. It is in 
this manner that brandy is prepared from wine, and whisky 
from the fermented infusion of malt. The process may be imi- 
tated on the small scale by heating half a bottle of wine or ale 
in a glass-retort (or a still with a refrigeratory may be used, 
Fig. 53, page 33), continuing the distillation as long as any 
spirituous liquid comes over. When ale or porter is employed, 
a capacious retort must be used, as the large quantity of carbonic 
acid which they contain is disengaged by the heat, and would 
cause part of the fluid to pass over into the receiver, if the dis- 
tillation were conducted in a small retort. 

1912. On the large scale, soap is often employed in small 
quantity, to prevent the extreme tendency of the liquid that is 
distilled to produce froth and boil over. 

1913. By repeating the distillation, the alcohol may be sepa- 
rated from an additional quantity of water, which is left in the 
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retort ; but it is impossible in this manner to separate the whole 
of the water, however often the distillation may be repeated. 

1914. Ale and porter usually contain from 4 to 9 per cent, of 
alcohol, weak wines from 10 to 18 per cent., and strong wines 
from 18 to 25. In whisky, gin, rum, and brandy, the amount 
of alcohol is usually a little above 50 per cent. 

1915. To prepare absolute 'alcohol, as it is termed when com- 
pletely deprived of water, heat carbonate of potassa to the tem- 
perature of 300°, and add it to spirit of wine in a glass-bottle. 
Shake the mixture well, and then allow it to remain at rest for 
some time. If a sufficient quantity of the alkaline carbonate 
has been added, the liquid divides into two parts ; that which 
floats above is the alcohol, deprived of the most of the water pre- 
viously combined with it, while that below consists of the water 
which has dissolved the carbonate, and appears a dense oily- 
looking fluid. The alcohol is decanted, or drawn off with a 
syphon, and more of the hot carbonate is added till it is no longer 
moistened. All the water having been removed in this manner, 
the liquid is then to be distilled with a gentle heat, to separate 
it from a small portion of potassa which it usually acquires from 
the salt employed. Nearly half a pound of the carbonate is re- 
quired for every pint of rectified spirit of wine. 

1916. Other substances are occasionally employed to separate 
the water from the alcohol, as lime, baryta, and the chloride of 
calcium. Very strong alcohol may also be procured by suspend- 
ing a bladder full of spirit of wine in the air ; the water passes 
through the coats of the bladder and evaporates from its sur- 
face, while the alcohol is retained. When several gallons of 
alcohol are to be freed from water so as to procure it in a more 
concentrated state, though it may not be^ required in the form of 
absolute alcohol, this is frequently done by distilling it after 
mixing it with common salt. 

1917. Professor Graham’s process for preparing absolute alco- 
hol may be easily conducted by those who have an air-pump. A 
shallow glass or earthen basin is filled with quicklime in coarse 
powder or small fragments, and another nearly full of spirit of 
wine put over it. They are then placed on the plate of the air- 
pump, and the air is exhausted till the liquor appears as if it were 
beginning to boil. Both the water and alcohol evaporate at first, 
and the watery vapour is absorbed by the lime, which does not 
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affect the vapour of the alcohol. But water does not remain in 
combination with alcohol, unless covered by an atmosphere of its 
own vapour ; and as this is condensed by the lime as speedily as 
it is formed, the water continues to evaporate till it is com- 
pletely removed, which usually requires three or four days, while 
the alcohol is prevented from evaporating by the pressure of its 
own vapour. Alcohol of specific gravity .796 may be procured 
in this manner. 

1918. Absolute alcohol is a transparent and colourless liquid, 
having a fragrant odour, and a hot pungent taste. It is not only 
lighter, hjit also much more volatile than water ; when its spe- 
cific gravity is 810°, it boils at 173°.5. Mr Walker exposed it 
to a temperature of — 91°, and itibre recently, by the sponta- 
neous evaporation of liquefied carbonic acid gas, it has been ex- 
posed to a temperature of — 162°, and even to lower tempera- 
tures, without being congealed, though, when combined with 
carbonic acid it may be easily rendered solid. Rectified spirit? 
of wine has been frozen, it is affirmed, by the rapid evapora- 
tion of sulphurous acid. 

1919. Alcohol burns with a pale blue lambent flame (yellow if 
the alcohol be diluted witji water), and every 23.24 parts con- 
sume 48 of oxygen. The products of the combustion are water 
and carbonic acid. A number of salts when mixed or dissolved 
in it impart a particular colour to the flame, particularly the 
hydrochlorate of strontia and the hydrochlorate of copper, the 
former communicating a deep red colour, and the latter render- 
ing it of a fine green. With a great number of substances it 
combines in definite proportions, as Prof. Graham pointed out, 
forming a peculiar class of compounds, which he has termed 
Alcoates. It is decomposed by potassium and sodium, which 
attract oxygen from it,*and disengage hydrogen gas. 

1920. The quantity of alcohol in spirituous liquids may be 
ascertained by adding hot carbonate of potassa to them in the 
manner already mentioned, after precipitating the colouring and 
mucilaginous matters by dropping into them a strong solution of 
the acetate of lead, or agitating them with the protoxide of lead 
in fine powder. By operating in this manner, Mr Brande proved 
that alcohol really exists in fermented liquors, and is not formed, 
as had been affirmed, by a reaction taking place between their 
elements when heat is applied. A table of the results of Mr 
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Brande’s experiments, and of the quantity of real alcohol in a 
v ariety of wines and other fermented liquors, is published in his 
Manual of Chemistry. 

1921. Alcohol and water combine in every proportion, con- 
d ensation, and an evolution of heat usually accompanying the 
combination. This may be easily seen by filling up with alcohol 
a tube 10 or 12 inches long and already half full of water, and in- 
verting it repeatedly, that they may be mixed together, after 
c losing the tube accurately with the thumb or finger. Tlienard 
found, that when alcohol of the specific gravity of 0.9707 is 
mixed with an equal quantity of pure water, instead of any con- 
densation taking place, they occupy a larger volume after they 
have combined than before.* With an equal weight of water, 
alcohol forms what is usually called Proof Spirit , the specific gra- 
vity of which is 0.917. The Proof Spirit generally used for phar- 
maceutical purposes is weaker, having a specific gravity of 0.930, 
# and containing 44 per cent, of real alcohol. The following table 
by Lowitz shews the quantity of real alcohol in diluted alcohol 
at different densities, and will be found useful in making expe- 
riments with this liquid. 


Lowitz 1 s Table , shewing the quantity of absolute alcohol in LOO parts 
of spirit at different densities . 


Specific 
gravity 
at 60. 

Alcohol 
in KtO 
parts. 

Specific 
gravity 
at 60. 

Alcohol 
in 100 
parts. 

Specific 
gravity 
at fit). 

Alcohol 
in 100 
parts. 

Specific 
gravity 
at 60. 

Alcohol 
in 100 
part*. 

Specific 
gravity 
at 60. 

Alcohol 

In 100 
parts. 

0.706 

100 

0.848 

80 

0.896 

60 

0.939 

40 

0.974 

20 

0.790 

99 

0.851 

79 

0.898 

59 

0.941 

39 

0-975 

19 

0.801 

98 

0.853 

78 

0.900 

58 

Mia 

38 

0.977 

18 

0.804 

97 

0.855 

77 

0.902 

57 


37 

0.978 

17 

0.807 

96 

0.857 

76 

0.904 

56 

0.947 

36 

0.979 

16 


95 

0.860 

75 

0.906 

55 

0.949 

35 

0.981 

15 

I 0.812 

94 

0.863 

74 

0.908 

54 

0.951 

34 

0.982 

14 

lm;»M 

93 

0.865 

73 

•0.910 

53 

0.953 

33 

0.984 

13 

0.817 

92 

0.867 

72 

0.912 

52 , 

0.955 

32 

0.986 

12 

0.820 

91 

0.870 

71 

0.915 

51 

E iWm 

31 

0.987 

11 

0.822 

90 

0.872 

70 

0.917 

50 


30 

0.988 

10 

0.820 

89 

0-874 

69 

1 0.920 

49 

B j'Sj 

29 

0.989 

9 

0.827 

88 

0.878 

68 

j 0.922 

48 i 

M 

28 

0.990 

8 

0.830 

87 

0.879 

67 

j 0.924 

47 

0.963 

27 

0.991 


0.832 

86 

0.881 

66 

{ 0.926 

46 

0.965 

26 

0.992 



85 

0.883 

65 

0.928 

45 

0.967 

25 | 


mm 

0.838 

84 

0.886 

64 

! 0.930 

44 

0.968 

24 



0.840 

83 

0.889 

63 

I 0.933 

43 

0.970 

23 



0.843 

82 

0.891 

! 62 

| 0.835 

42 

MfAUT£fl 

22 


- I 

0.846 

8J 

0.893 

; 6i 

| 0.637 

i 

41 

; 0.973 

21 


h 
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Alcohol is seldom prepared for commercial purposes with a 
less specific gravity than .830. 

1922. The annexed table, by Tralles, extracted from Dr 
Ure's Dictionary, is an important addition to the history of al- 
cohol, exhibiting the bulk of absolute alcohol in spirit of various 
specific gravities (sp. gr. of water being 1000), in the same manner 
as the preceding table shews the amount of spirit by weight. 


Alcohol 
In 100 
measure^ 
Of spirit. 

Specific 
gravity at 
60° Fahr. 

• 

Alcohol 
in 100 
measures 
of spirit. 

Specific 
gravity at 
(30° Fahr. 

Alcohol 
in 100 
measures 
of spirit. 

Specific 
gravity at 
00° Fahr. 

Alcohol 
in 100 
measures 
of spirit. 

Specific 
gravity at 
<>0° Fahr. 

1 

9970 

26 

9689 

51. 

9315 

76 

8739 

2 

9961 

27 

9679 

52 

9295 

77 

8712 

3 

9947 

28 


53 

9275 

7 » 

8685 

4 

9933 

29 

9657 

54 

9254 

79 

8658 

6 

9919 


9646 

55 

9234 


8631 

6 

9906 

31 

9634 

56 

9213 

81 

8603 

7 

9893 

32 

9622 

57 

9192 

82 

8575 

8 

9881 

33 

9609 

58 

9170 

83 

8547 

9 

9869 

34 

9596 

59 

9148 

84 

8518 

10 

9857 

35 

9583 

60 

9126 


8488 

11 

9845 

36 

9570 

61 

9104 

86 

8458 

12 

9834 

37 

!)55G 

02 

9082 

87 

8428 

13 

9823 

38 

9541 

63 

9059 

88 

8397 

14 

9812 

39 

9926 

64 

9036 

89 

8365 

15 

9802 

40 

9510 

65 

9013 

90 

8332 

16 

9791 

41 

9494 

66 

8989 

91 

8299 

17 

9781 

42 

9478 

67 

8965 

92 

8265 

18 

9771 

43 

9461 

• 68 

8941 

93 

8230 

19 

9761 

44 

9444 

69 

8917 

94 

8194 

20 

9751 

45 

9427 

HI 

8892 

95 

8157 

21 

9741 

46 

9409 

71 

8867 

96 

8118 

22 

9731 

47 

9391 

72 

8842 

97 

8077 

23 

9720 

4* 

9373 

73 

8817 

98 

8034 

24 

9710 

49 

9354 

74 

8791 

99 

7988 

25 

9700 


9335 

75 

8765 


7939 


1923. Alcohol is an agent that is constantly employed in the 
laboratory for affording a steady and powerful heat during its 
combustion, and in a great number of operations, where it is 
used as a solvent, or to afford peculiar combinations by the re- 
action of its elements with*other substances. It is particularly 
useful in dissolving resins, camphor, volatile oils, vegetable acids 
and alkalis, and many salts and other substances which are in- 
soluble in water, enabling us to separate them from other bodies 
with which they may be mixed or combined. From the large 
quantity of hydrogen and carbon which it contains, it has 'been 
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occasionally employed to deoxidate some compounds, and from 
the rapidity with which it evaporates, it is sometimes used to 
produce cold. 

1924. Alcohol, in the condition in which it is prepared at first 
from any fermented fluid, is usually associated with variable 
quantities of different volatile oils, ac cording to the source from 
which it is procured. Thus, the fermented infusion of malt gives 
whisky by distillation. The fermented solution of molasses pro- 
duces Rum. The fermented juice of thu grape affords Brandy. 

1925. The oily matter in all these is frequently in considerable 
quantity, so as to impart a bluish opalescence to tlid liquid on 
mingling them with water ; as the oil is less soluble in diluted 
spirit. Numerous processes are resorted to in order to remove 
this oil where the quantity is excessive, and sometimes it is en- 
tirely removed, so as to produce what is familiarly termed a 
Silent Spirit , as, when the oil is withdrawn, there is no odour to 

"indicate the materials from which it may have been prepared. 
By distilling any spirit charged with volatile oil, after mixing it 
with caustic potassa, it will be observed to be very different in 
its odour in consequence of the action of the potassa upon the 
volatile oil. In distilleries, the oil m observed to be particularly 
abundant in the first products, which have been termed the /ore- 
shot ; it is also found in considerable quantity in the last portions 
that are distilled, which are usually termed feints. On the large 
scale, the oily matter is usually removed by charcoal obtained 
from light wood, or animal charcoal, which absorbs it when kept 
in contact with the spirit for a considerable time. 


Ethers. 

1926. A variety of products may obtained by the action of 
the different acids on alcohol, which have received the generic 
appellation of Ethers , but differ considerably in their properties, 
according to the nature of the acids by whose action they have 
been formed. 

Few subjects have attracted more attention of late years 
than the theory of the production of ethers, and from the 
variety of opinions entertained as to the mode in which the ele- 
ments are associated, and the varied nomenclature that has 
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been introduced accordingly, the student cannot be too careful, 
in the first place, in examining the leading views as to the con- 
stitution of sulphuric ether, perhaps the most important of this 
class of combinations, which will enable him to proceed with 
comparative facility in tracing the history of the other combi- 
nations which belong to this class. # The following brief expla- 
nation will assist him in this examination. 

1927. Etherine is the name now given to quadrocarbureted 
hydrogen, being regarded by many as the base of most ethereal 
compounds. Ethule is the name given by Kane, Berzelius, and 
Liebig, to* a compound of hydrogen and etherine, which they con- 
sider the base of ethers. It may be named more specifically Hy - 
druret of Etherine . Its symbol is H + 4 HC. Sulphuric ether 
accordingly may be regarded as an oxide of ethule , this com- 
pound containing oxygen, carbon, and hydrogen, in the propor- 
tions in which they constitute one eq. of water and four of liy- 
druret of carbon. 

The following diagram represents this view more minutely : 


Materials. 


Fig. 231. 

Products. 


Oxygen 8 9 Water. 

( Hydrogen ...1 — - — 

Hydrogen • K 
Hydrogen . . . l x \ 

Hy drogen ... 1 \ t 

tttiiule Hydrogen ...1 N ' ' ^ % 

jCarbon ... 6 . 1 7. 12 Hydruret of Carbon 

I Carbon ...6.12 7.12 llydruret of Carbon 

I Carbon ...6.12 7 . 12 Hydruret of Carbon 

^Carbon ...6.12 - >_v 7 . 12 Hydruret of Carbon 


Etherine 28.48. 


Thus sulphuric ether may be termed a compound of 

g Symbols. 

Oxygen + 4 Carbon + 5 Hydrogen 0C 4 1I 5 

Or it may*be named — • 

Hydrate of etherine •!! + (4 HC) 

Oxide of ethule O + H ft C 4 

1928, In the preparation of ethers four varieties of action may 
be pointed out. 

I. The ether may be produced by the decomposition of al- 
cohol, and composed solely of elements derived from this sub- 
stance, those of the acid being entirely excluded from the new 
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compound. Common ether, called also sulphtucjic ether, affords 
an example of this kind of action. 

II. The acid may contribute by its decomposition a new ele- 
ment to the alcohol, as it is converted into ether. Thus, hypo- 
nitrous ether contains nitrogen, which is derived from the nitric 
or nitrous acid used in its preparation. 

III. The ether may be produced by the production of sul- 
phuric or common ether (OC 4 H 5 ), in the first instance, this 
ether combining with an equivalent of undecomposed acid to 
produce the new ether. 

IV. Lastly, some elementary substances united with ethule 
produce new ethers, as in chloric ether. By studying the com- 
position of the following ethereal compounds, these views will be 
more distinctly understood. 


1. Common Ether (sulphuric), 

2. Hyponitrous Ether, 

3. Acetic Ether, 

4. Oxalic Ether, 
r». Chloric Ether, 


OC 4 H\ 
sN + OC 4 H a . 
0 3 C 4 H + OC 4 If\ 
sC* + OC 4 JI\ 
Cl* + C 4 H\ 


1929. In preparing other ethers^ the alcohol requires to be 
mingled, not only with the acid that gives the more peculiar 
character of the ether to be produced, but also with sulphuric, 
phosphoric, or some other acid», to determine the production of 
the more common ether, which may be regarded as the base of 
many of these combinations. 


Sulphuric Ether. 

Symb. OC 4 H fi , or H + 4HC. Eq. by W! 37.48 = 0.8 + C.24.48 
+ H.5 ; or water 9 +* olefiant gas 28.48. Its sp. gr. is .720. 
It boils at 98° in the open air , and in vacuo at — 40°. When 
reduced in its temperature to — 47° it becomes solid cmd assumes 
a crystalline texture . Equivalent by volume □. Sp. gr. of 
vapour 2.589 ; Weight of 100 cubic inches 80.28 grs. 

1930. To prepare sulphuric ether, equal weights of sulphuric' 
acid and alcohol are exposed to heat in a plain glass-retort, 
pou^ng in the alcohol first and then the aeid by a long glass 
funnel, Fig. 55, page 34; and adjusting the retort in a sand- 
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bath already heated to the temperature of 200°, in the manner 
shewn in Fig. 77, page 60. The acid and the alcohol should be 
well- mixed by shaking them together in the retort, when, the 
temperature rises considerably. The receiver should be tubu- 
lated, to convey away the atmospheric air, and any other gaseous 
products that may be formed towards the close of the operation. 

Fig. 232 . The annexed figure shews the receiver, 

the neck of which should fit closely to 
the neck of the retort ; and the joint 
shoujd be rendered tight by tying 
round it a piece of linen or cotton cloth 
spread ovel witli paste made of flour. 
The bent tube fixed to the tubulure of the receiver should be 
made to pass into a second receiver, or to dip into a bottle in 
the manner represented, which is kept cold by placing it in a 
jar or basin with water or ice ; the tube must not fit tightly 
to the neck of the bottle, but allow any gas that may come 
over to be freely disengaged. The first receiver should have a 
piece of linen or cotton cloth tied round it, that it may be more 
easily kept cold ; ice or snow should always be used when it can 
be procured. 

1931. The distillation is generally continued till a quantity of 
liquid has come over equal to one-half of the alcohol employed. 
More ether is obtained when it is kept constantly boiling at a 
particular temperature, than if the heat be irregularly applied. 
The retort should not be filled more than half full, and great 
attention must be paid to the heat applied during the whole of 
the operation, as the mixture is apt to boil over when urged with 
too strong a fire. By adding half the quantity of alcohol em- 
ployed at first, an additional quantity of ether may be obtained, 
and this nj^ty be repeated again ; the acid afterwards becomes so 
diluted, hoVever, that it is unable to produce any more. 

1932. The ether that condenses in the receiver is never ob- 
tained pure at first, being always mixed with a little alcohol 
that distils over unaltered, and some sulphurous acid produced 
by the decomposition of part of the sulphuric acid. To remove 
these, it is mixed with potassa, taking five or six grains for every 
ounce of alcohol employed, and distilled again from a retort 
with a very gentle heat till five or six sevenths shall have passed 
over ; the potassa retains the sulphurous acid, along with some 
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water and alcohol. To separate the alcohol completely, the 
product of the second distillation may be shaken with about 
three-fourths of its bulk of water, which combines with all the 
alcohol and a little ether, the most of the ether separating from 
it in a short time and floating above. It is then decanted, and 
kept in bottles with ground glass stopples. 

1933. Prepared in this manner, it is not in a state of absolute 
purity, being combined with a small quantity of water. When 
required free from this, it must be mfngled intimately with 
chloride of calcium, which retains the water, and then be redis- 
tilled. 

1934. In preparing ether .on the small scale, an ounce or 
two of alcohol with as much sulphuric acid by weight, will be 
sufficient to shew the process, condensing the product in a com- 
mon flask. 


1935. The theory of the action has already been adverted to, 
being essentially similar to what takes place in the first stage of 
the process for the preparation of olefiant gas. (See the diagram 
representing the decomposition of alcohol, & c. page 154). In the 
present instance, however, a much smaller quantity of sulphuric 
acid being used, less alcohol is decomposed, every 37.4ft parts of 
ether that are procured being formed by the combination of 14.24 
parts of olefiant gas and 23.24 pf alcohol. 

1936. In the preceding description of the preparation of ether, 
one or two circumstances have been omitted, which it is now 
necessary to state. When aqueous sulphuric acid is mingled 
with alcohol, Mr Hennel shewed that an*immediate action en- 
sues, during which, part of the acid unites with alcohol and 
forms a compound termed Sulphovinic Acid. That part of the 
acid is in a peculiar state of combination^ is proved by the action 


of baryta, which precipitates only a portion of that^whicli is 
employed, the remainder in combination with alcohSl forming 


Sulphomnate of Baryta . 

1937, Again, Mitscherlich, who has examined this action 
with great care, has shewn the extrefne importance of attending 


to the temperature employed, and has also proved, by a very 


interesting series of experiments, that indefinite quantities of 
alcohol can be converted into ether by the action of a limited 


quantity of aqueous sulphuric acid, if it be associated with water 
and spirit, so as to boil uniformly at the same temperature ; the 
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alcohol employed then leaving nothing with the acid. The 
alcohol is supplied in a constant stream ; so that the acid ap- 
pears to act as an intermediate agent, by which the alcohol is 
resolved into water and ether, both these being distilled and 
continually separated as the alcohol is supplied. 

1938. For this purpose, aqueous sulphuric acid, to 100 of 
which about 20 parts of water have been added, is heated to 
340°, and alcohol being now introduced in a slender continuous 
stream into the retort containing the acid, the heat must be so 
adjusted a£ to distil without alteration of temperature an amount 
of water and ether equal to the alcohol used. The alcohol is 
introduced into the liquid acid by -a* glass-tube passing through 
the tubulure of the retort (or flask) which may be employed. (See 
Miscellaneous Apparatus.) Should the temperature vary as the 
operation advances, the stream of alcohol must be varied ac- 
cordingly. If it should exceed 340°, more alcohol must be in- 
troduced, but if it should fall below that point, the stream of al- 
cohol must be diminished. 

1939. When the operation is conducted in this manner, 
two fluids may be observed in the receiver. The upper fluid 
consists of ether associated with a portion of water and al- 
cohol, and the other of water holding some alcohol and ether 
in solution. These must be separated from each other, and the 
former purified from alcohol and water in the manner formerly 
described. 

1940. Water can dissolve only a small quantity of ether, 
but alcohol and ether combine in every proportion. Ether is 
very inflammable, and bums with a much more copious and 
richer flame than alcohol ; the products of its combustion are 
water and carbonic acid. A few drops put into a detonating 
bottle ful^f oxygen gas, which is immediately corked, speedily 
diffuse th«nselves through *the gas, and form an inflammable 
mixture that detonates violently on bringing a lighted match 
to the mouth of the bottle. This is an experiment that should 
be performed with a very sihall and strong bottle, as detonating 
bottles that have not been injured by any other explosive mix- 
tures are frequently broken by this. When transmitted through 
a red-hot tube, ether is decomposed, and gives the same pro- 
ducts as alcohol. 

1941. From the rapidity with which ether evaporates at 
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natural temperatures, it is often used to produce an intense degree 
of cold. If a small quantity be poured into a jar, which is im- 
mediately covered with a tray, it speedily evaporates, and on 
applying a lighted candle to the mouth of the jar, it is found to 
be full of an inflammable vapour. If a larger quantity of ether 
be put into an open jar, and $ coil of thin platinum- wire heated 
to redness in a spirit-lamp be suspended over it at a particular 
distance, which is easily found on trying the experiment, in- 
stead of becoming cold, it remains red hot till the whole of the 
ethfer is consumed. The platinum being a slow conductor 
of caloric, it does not part with its excess of heat very rapidly, 
and coming in contact with the vapour of ether and Jiir in the 
jar, the high temperature which it is at causes a slow combus- 
tion to take place, by which a sufficient degree of heat is pro- 
duced to maintain it in a state of incandescence. A conside- 
rable quantity of acetic acid is produced during the slow com- 
bustion of ether, when effected by the action of platinum. 

1942. Sulphuric ether is not capable of dissolving so many 
substances as alcohol ; still, however, it is often fojjnd useful in 
separating or extracting principles that, are insoluble in alcohol 
or water, more especially in vcgetaWe chemistry. It combines 
with ammonia, camphor, resins, volatile oils, sulphur, phospho- 
rus, and chloride of gold, but has little or no action on the fixed 
alkalis, earths, common metallic oxides, and the greater num- 
ber of the salts. 


Hyponitrous (called also Nitrous or Nitric) Etiier. 

Symb. :N -f OC 4 H 5 . Boils at 70 J . J Sp. gr. about .880. 

• 

1943. In all experiments with nitric acid and alcohol, great 
care must be taken not to mix a large quantity of acid with the 
alcohol at once, as the gaseous products that are immediately 
produced are apt to throw out tho whole of the mixture with 
explosive violence. Though a small quantity of acid may be 
added to a large quantity of alcohol without any particular ac- 
tion being observed, a small quantity of alcohol cannot be mixed 
with a large quantity of acid without being completely decom- 
posed, as the particles of the alcohol arc surrounded by the 

L 1 
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acid on every side, which affords oxygen more readily to the 
inflammable elements that enter into its composition. To ob- 
serve this, all that is necessary is to pour a few drops of the 
acid into the alcohol, and then of the alcohol into the acid, when 
the appearances described will be noticed. 

1944. The best method of preparing hyponitrous ether is by 
mixing equal weights of alcohol and the strong fuming acid, 
prepared by distillation from two parts by weight of sulphuric 
acid with three of nitre. The acid reacts on the alcohol, and 
in a day or two it is converted into ether, which floats on 
the top of the remaining liquid, and may be easily removed by 
a small syphon. Pure nitrous acid, prepared by distillation from 
the nitrate of lead, would do still better, but it is not so easily 
obtained. Two or three ounces of alcohol will be sufficient to 
shew the nature of the process ; the alcohol is put into a bottle 
first, and small quantities of the acid are poured into it at a time 
by a funnel with a long stem, which passes to the bottom of 
the bottle, mixing them thoroughly after each addition of acid, 
and then pacing the bottle in cold water to prevent any vio- 
lent reaction taking place. A dram or two of the acid may be 
added every quarter of an hour in this manner, till it is all 
mixed with the alcohol. The bottle should be provided with 
a conical stopple to allow the gas that accumulates in it to be 
disengaged ; it is forced up in the same manner as the stopple 
in Nootli’s apparatus, already described, and returns to its place 
when the excess of gas has passed by it. 

1945. Instead of employing the acid and alcohol alone, the 
alcohol may be introduced first, and an equal bulk of water poured 
below it, by a long funnel leading the water to the bottom ol 
the phial in which the pperation is to be conducted. The acid 
is then introduced in the same manner with much caution be- 
low the ^pter. The acid .and alcohol ultimately react slowly, 
through the i$edium of the water, which attracts both. 

1946. Other methods for the preparation of nitric ether have 
been proposed. The Dublin College directs the alcohol to be 
mixed with sulphuric acid in a flask, and the mixture to be 
poured over bruised nitre in a retort. The proportions they 
recommend are nearly 865 of nitre, 1345 of sulphuric acid, and 
725 of alcohol, by weight ; the sulphuric acid is much more than 
sufficient to decompose the nitre, and a smaller quantity ifiight 
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perhaps be used with advantage. The retort must be placed in 
a basin of cold water to prevent the action becoming too violent, 
and it should not be filled more than a third full of nitre. I 
have seldom found it necessary in repeating this process at or- 
dinary temperatures, to apply any heat to commence the action, 
as is usually recommended. # The sulphuric acid combines with 
the potassa, and the nitric acid evolved, acting on the alcohol 
in its nascent state, produces the ether. It must be condensed 
in a large tubulated receiver kept vesy cold ; when a large 
quantity is prepared, a second tubulated receiver should be con- 
nected with it, and the gaseous products allowed to "escape by 
another bent tube. The first method of preparing nitric ether 
will be found preferable, however, as the reaction is apt to be- 
come very turbulent when this process is adopted, though every 
precaution be taken to prevent it. 

1947- Hyponitrous ether always contains a little acid as it is 
procured at first, which may be removed by mixing it with a 
little potassa or lime, and then distilling it. It has a very pale 
lemon-yellow colour, a pleasant smell similar to tl^it of apples, 
and a strong penetrating taste. It is heavier and more volatile 
than sulphuric ether, burns with a lambent flame, and soon be- 
comes acid on being kept. When it is purified by distillation, the 
operation should always be carried on with a very gentle heat, 
as it is decomposed when distilled quickly at a higher tempera- 
ture. 

1948. Hyponitrous ether consists of carbon, oxygen, hydro- 
gen, and nitrogen, and is now generally regarded as a com- 
pound of hyponitrous acid and sulphuric ether. Dr Bird has 
lately examined the varied products that are formed during the 
production of hyponitrous ether, and has shewn that they con- 
sist of aldehyde , oxalhydriQ acid , acetic acid , and oxalic acid . They 
may be considered as so many results of the oxygenating action 
of nitric acid on alcohol in different degrees, from numerous 
experiments, he infers — 

1. During the action of nitric aoid on alcohol, no oxalic acid 
is formed as long as nitrous ether alone distils over. 

2. That aldehyde is not produced, at least in any appreciable 
quantity, until oxalic acid appears in the retort and the produc- 
tion of nitrous ether nearly ceases. 

3*. That during the preparation of nitrous ether in the cold. 
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acetic acid is abundantly produced, and appears to replace ox- 
alhydric acid formed when heat is employed. Dr Bird also no- 
ticed that in crystallizing the residual fluid in the retort, the 
first crop of oxalic acid crystals that appeared were of the or- 
dinary form ; but that those produced by subsequent evapora- 
tion were in pearly scales. # 

Spirit o f Hyponitrous Ether . 

• 

1949. The Spirit of Hyponitrous Ether is familiarly 
termed Spirit of Nitrous or of Nitric Ether, or Sweet Spirit of Nitre, 
and consists of hyponitrous ether and alcohol. It is prepared 
by mixing nitric or nitrous acid with a larger quantity of alco- 
hol than is used in the process for preparing nitric ether, and 
distilling the mixture in a glass-retort. The Edinburgh Col- 
lege directs one pound of their nitrous acid (191) to be mixed 
with three of alcohol, and distilled with a heat not exceeding 
180°, till a quantity of liquid has been obtained equal to the 
alcohol employed. The distillation may be commenced when- 
ever the materials have been mixed ; the precautions already 
pointed out must be attended to, and the receiver kept cold in 
the usual manner. 

1950. This compound is often prepared in large quantities by 
merely mingling hyponitrous e tiler and alcohol. 

1951. Acetic Ether is composed of one equivalent of sul- 
phuric other and one of acetic acid. It may be prepared by the 
action of aqueous sulphuric acid upon a mixture of alcohol and 
acetate of potassa, being separated by distillation from the sul- 
phate of potassa formed at the same time. Liebig has procured 
it by distillation from the following materials mixed together, — 
four and ^ half parts of alcohol, five of aqueous sulphuric acid, 
and sixteen of acetate of lead carefully freed from water of 
crystallization. Sulphate of lead remains in the retort. 

Many other ethereal compounds have been prepared of late. 
They are usually procured by processes similar to those which 
have been described. 
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1952. Sulphovinic Acid (called also Althionic* Acid) is 
formed when aqueous sulphuric acid and alcohol are mingled at 
natural temperatures. It was considered till lately a compound 
of sulphuric acid and hydruret of carbon, but is now regarded 
as a compound of sulphuric acid and alcohol (Symb. :S + OC*H 3 ). 
Many have doubled the equiyalent of this compound, from theo- 
retical considerations, and represent it by 2:S + 2 (OC 2 H 3 ). To 
obtain it in a pure form, the mixture of alcohol and sulphuric 
acid is neutralized by a solution of baryta ; sulphate of baryta 
falte, and sulphovinate of baryta remains in solution. The so- 
lution of the sulphovinate is then decomposed by sulpliuric acid, 
which precipitates the baryta, and leaves the sulphovinic acid 
in solution. Sulphovinic acid combines with the salifiable bases, 
forming salts, few of which have been minutely examined. The 
sulphovinates of potassa and soda crystallize with facility. 

1953. Oil of Wine, or Sulphate of Ether, is the name 
given to a compound of sulphuric acid and ether, which was 
formerly regarded as a compound of sulpliuric acid and hydruret 
of carbon. (Syrrib. :S + OC 4 H 5 ). It is prepared according to the 
formula of the London College in the following manner : — Mix 
carefully two pounds of rectified spirit with four pounds of aque- 
ous sulphuric acid. Heat the mixture in a retort till it becomes 
black and produces a black froth, allowing it then to cool by re- 
moving it immediately from the heat. It now presents a light 
fluid, resting uppermost, which must be carefully separated from 
another and heavier liquid upon which it floats. The lighter 
fluid must then be exposed to the air fqf 10 or 20 hours, that 
any ether associated with it may be separated by evaporating ; 
and after agitating it with a dilute solution of potassa, to remove 
any sulphurous acid, the oil of wine subsjdes in a pure form. It 
has a yellowish colour, a fragrant and penetrating odour, and a 
bitter taste. Water does not dissolve it, but it is soluble in al- 
cohol and in ether. 

1954. ALDEHYDEf ( Symb . OC 2 H*. Sp. gr. .790. Both at 71°). 
This liquid has been prepared in the following manner: — The 
vapour of ether is passed through a red-hot glass-tube filled with 
fragments of glass, when it is resolved into aldehyde, water, 

* This term is derived from the words alcohol and 4mv (sulphur). 

t The term Aldehyde is derived from the first syllables of the words, alcohol 
and dthydrogenatus, signifying alcohol deprived of part of its hydrogen. 
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inflammable gases, and charcoal. These being introduced into 
ether maintained at a very low temperature, the aldehyde is 
condensed ; and dry ammoniacal gas being at the same time in- 
troduced into the ether, it is also condensed, and a compound of 
aldehyde and ammonia is formed, which is gradually deposited 
in transparent crystals. To separate the aldehyde, two parts 
of the crystals are mixed with an equal weight of water, and 
put into a retort with three parts of aqueous sulphuric acid, 
previously diluted with four parts of water. Heat must then 
be applied with greart care by a water bath, which must nof be 
elevated m its temperature to 212° ; the aldehyde rises and is 
condensed in the receiver. The yv#ter associated with it must 
be separated by another distillation, after mingling it with the 
chloride of calcium. Heat is evolved when the aqueous alde- 
hyde and the chloride of calcium are mixed together, so that 
the retort must be cooled, and the mixture made with much 
care, that the aldehyde may not be dissipated. 

1955. Aldehyde is an inflammable liquid, and has a very pe- 
netrating and peculiar odour ; its vapour, evfen when diluted 
with much air, affects respiration powerfully, suspending mo- 
mentarily, in some individuals, the power of continuing it. 
Water, alcohol, and ether combine with it in all proportions. 
Exposed to air, confined in a glass or other vessel, it absorbs 
oxygen and produces acetic acid; when spongy platinum is 
placed over it, the production of the acetic acid is much acce- 
lerated. Exposed freely to the air, a crystalline compound is 
ultimately formed, which is fusible, volatile, and inflammable. 
With chlorine and bromine, it forms, according to Leibig, Chlo- 
ral and Bromal ; it has also been considered that hydrochloric 
and hydrobromic acids t are produced. 

1956. Aldehyde acts powerfully on* oxide of silver, reducing 
it in part to the metallic condition by withdrawing oxygen, form- 
ing Aldkhydic Acid, and combining with the remaining oxide 
of silver. For this purpose, it is usually mingled with water, 
heated gently with the oxide, and then subjected quickly to a 
boiling temperature. The new compound may be decomposed 
by baryta, which precipitates the oxide of silver in solution ; but 
if the solution be now boiled in contact with the oxide of silver, 
the oxide is reduced, its oxygen is transferred to the aldehydic 
acid, and it is now converted into acetate of baryta. Oxide of 
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silver has been proposed as a test of aldehyde, from the facility 
with which it is acted upon by thii substance, and reduced to 
the metallic form. 

1957. Aldehydic Acid (Symb. 0 3 C 4 H 4 ), being composed of 
one eq. of oxygen and two of aldehyde (one of aldehyde, if it 
be represented by doubling # the number previously adopted). 
This acid is particularly distinguished by the facility with which 
it reduces metals from a number of metallic solutions, more 
particularly those of gold, silver, mercury* and copper, becoming 
acetic acid as it removes oxygen from tli$ oxide which it de- 
composes. 

1958. Aldehyden is the name given by Liebig to a supposed 
compound of four eqs. of carbon and three of hydrogen, which 
has not hitherto been insulated. Resin of Aldehyde is the 
resinous looking matter that is produced, when aqueous alde- 
hyde is heated with potassa, collecting in the form of a thin film 
upon the surface of the liquid. 

1959. Chloral (Symb. 0 4 C 9 C1 6 , or 0*C 4 HC1 3 ?). This com- 
pound was discovered by Leibig, being formed by the action of 
chlorine upon alcohol. The process is tedious, principally on 
account of the very large quantity of gaseous chlorine required 
in the operation, which must be freed from moisture and hy- 
drochloric acid before it is brought in contact with the alcohol. 
The chlorine is gradually absorbed, and produces hydrochloric 
acid by combining with hydrogen derived from the alcohol. At 
first the alcohol must be kept cold ; the hydrochloric acid is 
expelled afterwards by heating the solution. When the reac- 
tion has ceased, the chloral is purified first by the action of 
aqueous sulphuric acid, which separates water, and subsequently 
by distillation from quicklime in powder, which retains any acid. 
Chloral, though a compoynd of great interest in a theoretical 
point of view, has not hitherto bce # n applied to any practical 
purpose of importance. Many details as to its preparation, 
which require attention, will be found in the Ann. de Chim. et 
de Phys., or in Thomson's Organic Chemistry. 

4960. Chloral is a transparent, colourless, and almost taste- 
less liquid, having an oily appearance, and a penetrating odour. 
It combines with water, sulphur, bromine, and iodine ; and is 
decomposed when heated with different earths and metals, 
metallic chlorides being formed. Insoluble Chloral is the 
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name given to a new compound, produced by the action of 
aqueous sulphuric acid with chloral at natural temperatures, 
when they are left in contact for 24 hours. 

1961. Bromal is prepared by the action of bromine upon 
alcohol, and is similar in its properties to chloral. 

1962. Acetal is produced by the slow action of alcohol on 
the oxygen of the air, assisted by introducing over it in small 
cups or watch-glasses, small portions of spongy platinum. It is 
purified by distillation from carbonate of lime and chloride of 
calcium. Symb. OC 8 H 9 . 

1903. Mercaptan, or Hydrurkt of Mercaptum. Symb . 
H + S 2 C 4 H ft . The name of this substance is derived from the 
powerful action which it has with the peroxide (binoxide) of 
mercury. It is a colourless and volatile liquid ; it dissolves 
sparingly in water, but freely in alcohol and in ether. It was 
procured by Zeise, on distilling sulphovinate of baryta mixed 
with hydrosulphate of baryta ; sulphate of baryta is left in the 
retort. It is not pure as it is obtained at first ; by the action 
of the peroxide of mercury upon it, 2 eqs. of water and 1 of 
bimercapturet of mercury are formed. From this substance it 
is most easily prepared by the action of liydrosulphuric acid, 
2 eqs. of this compound reacting with 1 of the bimercapturet of 
mercury, as shewn in the following diagram. 

Fig. 233. 

i Hydrogen I -*62.68 Mercaptan. 

2 Eqs. of Hydro- 1 Hydrogen 1 7 ^-*62.68 Mercaptan. 

sulphuric Acid, lSulphipr 16.1 / / y 

(Sulphur 16.l\<^>' 

1 Eq. of Dimer- ( Mercaptum 61.68 
capturct of Mer- ) Mercaptum 61.68 Ns 

cury. ( Mercury 203 -^235.2 Bisulphuret of Merc. 

1964. Mercaptum has pot been procured in an insulated 
form. Its symbol, calculated from the composition of mercaptan, 
is S 2 C 4 H 5 . 

1965. Dr Gregory has c prepared lately a new compound, 
similar to mercaptan, but much more volatile ; he procured* it 
by a similar process, substituting pyroxilic spirit for alcohol, 
and then proceeding as in the preparation of mercaptan. 

* 1966. Xanthic acid is composed of 1 eq. of alcohol and 2 eqs. 

of the bisulphuret of carbon. Symb. 2 (S 2 C) + OC 2 H 3 . Of late, 
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however, it has been affirmed that the bisulphuret of carbon is 
combined with ether in xanthic acid: 

1967. Xanthogen is the term applied by Zeise to the bisul- 
phuret of carbon, being considered as the base of xanthic acid. 
These terms are derived from the yellow colour presented by 
several of the xanthates (§a*0o$, yellow). Xanthogen, when 
mixed intimately with alcohol and potassa, produces xanthate 
of potassa. 


ORDER V.— LIGNIN, GUM, SUGAR, STARCH, &c. 


1. Lignin, or Woody Fibre. 

1968. This is the most abundant of vegetable principles, 
constituting upwards of 90 per cent, of the different kinds of 
wood. It is obtained pure, after sawdust has been acted on by 
alcohol, water, and diluted acids. It is insoluble in water. 
Nitric acid produces with it oxalic and other acids. By strong 
sulphuric acid, it is decomposed, carbon being deposited, while 
sulphurous acid and water are produced. With weak sulphuric 
acid a saccharine matter may be formed. It is the great source 
of charcoal or carbon, as it is used for all yrdinary purposes. It 
produces, when decomposed without access of air, a great va- 
riety of products, viz. inflammable gases, acetic acid, pyroxilic 
spirit, water, kreosote, and other oilj products, along with 
resinous matters, mingled together at first in the form of tar. 


2. Gum. 

1969. Gum-arabic is soluble in water, hot or cold, but in- 
soluble in alcohol and in ether. Dissolve some gum-arabic in 
water, by reducing it to powder and triturating it with this fluid 
in a mortar ; the solution is usually called Mucilage. 

1970. Pour a solution of gum in water into alcohol ; the water 
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combines with the alcohol, and the gum is precipitated. All in- 
fusions and decoctions containing a quantity of this principle in 
solution, give a precipitate with alcohol, when it is mixed with 
them in sufficient quantity. 

1971. Add a solution of oxalic acid to a solution of gum in 
water ; the acid unites with the sm^ll quantity of lime which gum 
always contains, forming oxalate of lime, which is separated in 
the form of a white precipitate. 

1972. Expose a portion of gum-arabic to the flame of the 
blowpipe till nothing remains but a white or greyish- white atsh ; 
this is cofnposed principally of carbonate of lime. Dissolve it in 
diluted hydrochloric acid in a test-tube, and precipitate oxalate 
of lime from the solution by oxalate of ammonia. 

1973. Take a strong solution of gum, and mix with it a satu- 
rated solution of borax. In certain proportions, the solutions, 
when stirred together, become quite thick and gelatinous ; and, 
if tjie jelly be allowed to dry in a glass vessel, it often breaks it 
to pieces, adhering firmly to it as it contracts. 

1974. Add a solution of gum-arabic to a solution of the dit- 
acetate of lead ; the gum is immediately precipitated in combi- 
nation with part of the oxide of lead. Gum is precipitated from 
its solution by some other salts, as the persulphate of iron and 
bipernitrate of mercury. 

1975. Add a solution of silicated potassa to a solution of 
gum-arabic ; a precipitate is thrown down immediately, which 
has been regarded as a compound of the lime which the gum 
contains and silica. JTie pure alkalis form soluble compounds 
with gum. 

1976. Mix some powdered gum with strong sulphuric or nitric 
acid. It will soon be gompletely decomposed. The sulphuric 
acid causes a. deposition of carbon, tyit produces sugar if di- 
luted ; antf the nitric acid converts it into mucic or into oxalic 
acid, if a large quantity be employed. 

1977. Arabine is the term applied to the pure gum of gum- 
arabic, and has been regarded as a compound of 12 eqs. of car- 
bon, 11 of oxygen, and 11 of hydrogen. Symb. O n C 11 H 11 . If this 
be correct, it is the same in composition as common sugar. 

. 1978. Alcohol decomposes common gum-arabic, removing, 
when boiled with this substance, a vegetable salt containing 
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lime, a compound resembling wax, and chlorides of calcium and 
potassium. ' * 

1979. Gum-Senegal is similar in its properties to gum- 
arabic. 

1980. The I^ucilage of Linseed, extracted by the action of 
hot water upon linseed, is considered to differ essentially from 
a solution of gum in water, though resembling it in several 
respects. 

1981. Bassorin is found in gumbassora and in gum tragacanth, 
mixed with arabine and other substances. It is left when the 
gum is dissolved in cold water, and has been converted by long 
boiling into a compound resembling gum-arabic or arabine. 

1982. Cerasin is the name applied to the gum of the cherry 
tree, which, though insoluble in cold water, appears to be con- 
verted into a matter similar to arabine by boiling in water. 


3. Sugar. 


1983. The composition of sugar has been variously esti- 
mated of late years, but it appear^ now to be very generally 
admitted that it is a compound, in its dry state, of 12 eqs. of 
carbon, 10 of hydrogen, and 10 of oxygen, as is represented in 
the following table. 


Dry Sugar, 
Common Sugar, 
Diabetic Sugar, 
Starch Sugar, 


Symb. 

O l0 c l, H 10 . 

O u C l# H 11 . 

0 ,8 C ,S H 13 . 

O l4 C'*H 14 . 


Thus, all these varieties of sugar may be regarded as com- 
pounds of anhydrous sugar and water in various proportions. 

1984. Dissolve sugar in hot water till a strong syrup is ob- 
tained, and put the solution aside in 0 warm place. Crystals 
of sugar (candied sugar) are slowly deposited. Large crystals 
of sugar may be obtained by dissolving it in alcohol, and set- 
ting aside the solution for some time. Four parts of hot alco- 
hol take up about one of sugar. 

1985. Rub two pieces of white sugar briskly on one another 
in the dark ; a green phosphorescent light is seen at the point of 
conthct. 
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1986. Mix equal weights of sugar and chlorate of potassa, 
and touch the mixture with a glass-rod dipped in sulphuric acid. 
A rapid deflagration immediately takes place, a small quantity 
of sulphate of potassa is formed, and chlorous acid (peroxide of 
chlorine) is disengaged (559), the heat produced ^being sufficient 
to inflame the mixture, while thp chlorate of potassa affords 
oxygen to support the combustion of .the sugar. 

1987. Mingle intimately, in a Wedgwood’s mortar, 10 grains 
of sulphuret of antimony with 20 of white sugar. Mix this 
on paper with 60 grains of chlorate of potassa, previously re- 
duced to‘a fine powder. This mixture may be deflagrated by 
sulphuric acid in the same manner as the preceding. 

1988. Sugar decomposes strong nitric acid, a large quantity 
of fumes of nitrous acid being disengaged, while it is converted 
into oxalic acid (1638). 

1989. Digest some slaked lime in fine powder in a solution of 
sugar in water. A considerable quantity is dissolved, and may 
be precipitated again by oxalic, tartaric, and carbonic acids. 

1990. Sugar, like tartaric acid, has the property of prevent- 
ing oxide of iron and a few other metallic oxides from being 
precipitated from their solutions by some of those reagents that 
usually throw them down ; it possesses this property, however, 
only when it has been boiled along with the solution of the me- 
tallic salt. Sugar has also the property of partially deoxidating 
a number of the metallic oxides when they are heated together 
in solution. 

1991. A number of vegetable and animal substances may be 
converted into sugar by the action of dilute sulphuric acid, such 
as wood, gum, starch, linen, glue, &c. 

Mix 1 part by weight of sulphuric acid with 12 of starch and 
100 of water, expose the mixture to ^moderate heat for two or 
three dayp, digesting it in* a sand-bath, or in any other conve- 
nient situation, and stirring it frequently. An earthen jug or 
evaporating basin is generally employed. The liquid is then 
to be neutralized with chalk, and filtered, and the clear liquid 
is to be evaporated till it acquires a syrupy consistence, after 
which it may be set aside to crystallize. Crystals of sugar will 
be procured. 
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4. Starch or Feoula. 

1992. A small quantity of starch may be easily prepared from 
potatoes, by diffusing through a large quantity of water the 
pulpy mass that is obtained op grating them, and allowing it to 
remain at rest. In this process, the saccharine and mucilagi- 
nous matters that exist in the potatoes are dissolved by the 
water. The starch being heavier than water, and insoluble in 
cold water, is deposited at the bottom in the form of a fine 
powder, and the fibrous matter floats above. It may bfc purified 
by washing it repeatedly with cold water, and pouring off the 
supernatant liquid. On the farge scale, the supernatant liquid 
is not poured off* till it begins to ferment, a larger quantity of 
starch being procured in this manner, and the fibrous matter 
being more easily separated. Common starch is prepared from 
wheat by a similar process. 

1993. Starch is easily distinguished from gum and sugar by 
its insolubility in cold water, and by forming a jelly with hot 
water. Its solution in water decomposes the solutions of several 
metallic salts, but gives no precipitate with silicated potassa. 
Its action on iodine, which is the most delicate test of this sub- 
stance, has been already stated (632-3*4). 

1994. Starch has been considered, till of late years, a proxi- 
mate principle, incapable of farther subdivision without being 
resolved into its ultimate elements. Raspail, however, has 
shewn that it consists of tw^ distinct principles, viz. Amidine,* 
the matter that constitutes the little vesicle which forms the 
outer part of every minute grain or particle of starch, and Ami- 
din, the matter contained in the solution which this vesicle 
encloses. By boiling potato starch in 100 parts of water, the 
amidin may be obtained in solution j the amidine is insoluble 
in cold or boiling water, but when starch is boiled in water, 
the vesicle which it composes gradually swells and bursts, al- 
lowing the soluble amidin to escape. • 

1995. A similar change is probably effected during the pro- 
cess by which starch is converted into British Gum. For this 

* This term has been applied frequently to the soluble matter of starch, or 
amidin ; the terms given above, however, appear to be more generally adopted 
at present. 
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purpose the starch is roasted, or exposed with extreme care to 
a moderate heat. It then becomes more miscible with and so- 
luble in water, though it does not appear to present a matter 
very homogeneous in its qualities and composition. 


5. Hordein. 

1996. Hordein has been prepared by different processes. It 
is usually procured from barley-meal made into a stiff paste 
with water, when the hordein and starch may be removed by 
the action of water allowed to drop upon it. By boiling this 
mixture in water acidulated witli sulphuric acid, all the starch 
is ultimately dissolved and the hordein is left. Hordein is not 
applied in a pure form to any important purpose. During the 
malting of barley, it is converted into starch. 


6. Diastase. 

1997. To prepare diastase, macerate ground malt in cold 
water, separate by pressure the liquid thus procured, and filter 
it. Heat it to 158° and*filter again. To the solution thus pro- 
cured add alcohol, which precipitates the diastase. Dissolve it 
repeatedly in water, and precipitate it again by alcohol, that it 
may be obtained in a pure form. 

1998. The property by which this substance is peculiarly dis- 
tinguished is, that, at a temperature of about 160°, it separates 
the amidine or envelope from the amidin or soluble part of starch, 
the former floating up t on the surface of the solution in which it 
may be suspended, or being precipitated. It is from this cir- 
cumstance that it received its name, which is derived from a 
Greek word signifying Jo separate. It is by the action of dias- 
tase that starch is converted into sugar during the process of 
malting, one part of diastase being sufficient to render soluble 
the amidin in 2000 parts of starch. In solution it is rapidly de- 
composed, and if exposed to a boiling temperature, it loses its 
power of acting upon amidin. 
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7. Dextrine. 

1999. This term has been applied to a peculiar amylaceous 
principle, extracted or prepared by the action. of water upon 
a mixture of 1 part of malt. with 10 of flour. 4 or 5 parts of 
water are used with 1 of flour. The water is heated in the first 
place to 86° or 90°, and the ground malt then added. The tem- 
perature is then gradually increased to* 140°, when the flour 
may be put in. The mixture is then maintained as nearly as 
possible at a temperature of about 160°, till it beeome's compa- 
ratively clear and fluid, when^it is heated as quickly as possible 
to 212°. The suspended impurities are then allowed to sepa- 
rate, by leaving the whole at rest. The clear liquid containing 
the dextrine may then be drawn off and concentrated by evapo- 
ration, so as to afford either a gelatinous mass, or a dry cake, 
which may be reduced to powder. It may be used in either 
form as an article of food. 


8. Gluten* 

2000. Gluten may be obtained froifi wheat-flour, by making 
it into a stiff paste with water, and washing it in a linen cloth 
or bag with a large quantity of this fluid, as long as any white 
powder passes through the interstices of the cloth. The gum 
and sugar are dissolved by the water, the starch is carried away 
in suspension in the form of a white powder, and the gluten re- 
mains in the cloth. 

2001. Gluten is very tenacious and ductile. It is insoluble in 
water, and when moist is speedily decomposed from the reaction 
of its elements. It is considered the most nutritious part of 
wheat-flour, and contains nitrogen in addition to the usual ele- 
ments of vegetable matter. 

2002. Gliadine and Zimome, the* two principles of which 
gluten is composed, according to M. Taddy, may be separated 
by rubbing gluten with successive portions of alcohol in a mortar 
as long as the fluid becomes milky on diluting it with water. 
The alcohol dissolves the gliadine, and leaves the zimome. 

2003. Zimome is particularly distinguished by the bluish-green 
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colour which it assumes when moistened with water and tritu- 
rated with powdered gum-guaiac. The same colour appears w hen 
wheat-hour or gluten is treated in a similar manner with gum- 
guaiac, the colour being deeper in proportion to the quantity of 
gluten which the flour contains. 


0. Tan, Tannin, or Tannic Acid. 

St/mL 0 18 C 18 H 8 . Eq. 214.16. 

2004. Tannin exists in a great number of vegetable substances, 
and is usually associated with gallic acid. Pelouze has given 
the following process for its preparation. Obstruct a very deep 
tube or funnel with a little cotton, and over this place gall-nuts 
reduced to a fine powder, covering them afterwards with sul- 
phuric ether containing a little water. The ether is now allowed 
to filter slowly through the galls, and collected in a flask or bottle 
placed below. Two fluids are observed in the vessel with the 
filtered liquid, the upper consisting principally of ether, and the 
lower or heavier fluid containing the tannin in solution. This 
denser liquid is purified by agitating it repeatedly with ether, 
and affords the tannin when evaporated spontaneously, the tannin 
increasing considerably in bulk, as it loses the water and ether 
that were in combination with it. 

2005. Mr Hatchett has pointed out that tannin maybe formed 
artificially by digesting charcoal, and some other vegetable sub- 
stances containing a large quantity of this element, in nitric 
acid ; some, however, suppose that this is merely a compound of 
charcoal and nitric acid. 

c 

2006. Tannin is distinguished by \ts astringent taste, by pre- 
cipitating a number of metallic oxides from their solutions, and 
forming, with solutions containing gelatine, a copious precipi- 
tate, similar in its composition to leather, w r hich is a compound 
of tannin and gelatine. Tannin is very soluble in alcohol, hot 
water, and in ether containing a little water. It effervesces 
with alkaline carbonates, and hence has been called Tannic Acid. 
If any gallic acid be mingled with it, the tannin may be entirely 
removed by a portion of skin (gelatine) steeped in it for some 
time, after which, any gallic acid may be detected in the remain- 
ing solution by a persalt of iron. 
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2007. To prepare the coloured test-papers which have been 
so frequently referred to in this work, a red cabbage must in the 
first place be cut into slices, and infused with a pint or two of 
boilyig water. The liquid is then to be decanted from the vege- 
table matter that remains, and concentrated by evaporation, till 
it is reduced to five or six ounces by measure Then pour it 
into a flat plate or basin, and Steep in it pieces of unsized paper 
(common printing-paper does very well) ; taking care to moisten 
every one thoroughly, by drawing them backwards and forwards 
several times through the liquid before they are laid one above 
another. In half an hour they may be taken out to dry, and 
hung on a piece of cord drawn tight between two nails on the 
opposite sides of a room, where they will not be exposed to dust 
or acid fumes. The paper may be cut into pieces about the size 
of an octavo page before they are i immersed in the solution, and 
each of them may be divided across into thirty or forty£lips. 
They should be put into a tin case, or some other convenient 
vessel, that they may be always*at hand, as they are continually 
required in a great variety of operations * A sufficient quantity 
may be made at once in this manner to serve for a year or two, 
even where a great number of experiments are performed. 

2008. Paper dyed blue with the colouring matter of the cab- 
bage is used for indicating the presence of acids and alkalis, 
being turned red by the former and gredft by the latter. It is 
sufficiently delicate for all ordinary experiments, and is prefer- 
able to litmus-paper, which is not affected by alkalis, unless 
previously reddened by an acid, when the original blue is re- 
stored. 

2009. When the colouring matter j»f the cabbage is required 
in solution, it 'may be easily obtained by infusion in water. It 
begins to pass into a state of putrefaction in a few days, how- 
ever, causing a very disagreeable smell, and the colour fades at 
the same time. The concentrated solution* may be kept for a 
long time, when put in bottles which are completely filled with 

» Mm 
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it, after mixing every ounce or two with half a drachm of sul- 
phuric acid. 1> Faraday states that it may be preserved in this 
manner for a year. 

2010. Litmus and Turmeric test-papers may be prepared by 
a similar process. The litmus may be reduced to fine powder 
and boiled with water to procure a solution fit for the purpose. 
Turmeric-water again may be obtained sufficiently strong by 
pouring boiling water over this substance in powder. Litmus- 
paper is used as a test for the presence of acids, which imme- 
diately redden it, and as a test for alkalis, when it has been.pre- 
viously reddened by an acid. Turmeric-paper again is rendered 
of a reddish-brown colour by alkalis and alkaline earths, but is 
not affected by the acids ; it may r b*e used, however, as a test bf 
acids when it has been previously turned brown by an alkali, 
the acid combining with the alkali and restoring its original yel- 
low colour. It cannot be relied on, however, as a test for the 
presence of alkalis in compound solutions containing different 
kinds of saline matter, a number of compound salts and other 
substances affecting it in the same manner as these bodies, as Dr 
Faraday has pointed out. 

2011. The colouring matter of Brazil-wood is often employed 
in pnparing test-papers. A decoction is made for this purpose, 
in which the paper is steeped in the usual manner. The colour 
is in general brightened in its tint by acids, when they are not 
sufficiently concentrated to destroy it ; hydrofluoric acid, how- 
ever, gives a yellow tint. Alkalis produce a violet or purplish 
colour, 

2012. Put a number of flowers into a vase of chlorine gas. 
The colour gradually disappears. 

2013. Take three glasses with water, and add a little blue 
cabbage infusion to each. Leave one as it is, redden another 
with a drop of acid, and^turn the third to a green by a little 
alkali. Then add chlorine water to all of them. The tint in 
each is destroyed, if a sufficient quantity of chlorine be added. 

2014. Take some blue cabbage infusion, and dilute it largely 
with water. Then add it, in small successive quantities, to a 
table-spoonful of chlorine water put into a deep jar. The first 
portions added are instantly decolorized ; but when the chlorine 
is exhausted in its bleaching properties, having taken hydrogen 
from the water or colouring matter, it is converted into hydro- 
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chloric acid ; and succeeding portions of the vegetable blue, as 
they are added, are not bleached, but reddened. 

2015. Put a number of pieces of calico, dyed with different kinds 
of vegetable colouring matter, into a solution of chlorine in 
water. The colour soon disappears ; but those adjective colours 
which have been put on, without any basis or mordant,* are 
destroyed before any of the others. 

2016. Repeat this experiment with a solution of chloride of 

lime instead of chlorine water. # 

2017. To another portion of the chloride of lime solution 
mixed with various coloured stuffs, add a small portion of acid, 
that the chlorine may be brought more effectually in action upon 
the colouring matter. 

2018. Prepare a dilute solution of litmus in water, mix six or 
eight ounces with a table-spoonful of animal charcoal, and boil 
for some time. The colouring matter is entirely removed or de- 
composed, and the solution becomes colourless. 

2019. Add a solution of sulphurous acid to a dilute solution 
of blue infusion of cabbage. The colour immediately disap- 
pears. If, however, any sulphuric acid be associated with the 
sulphurous acid, it overcomes the action of the latter, and the 
colouring matter is reddened instead of being blanched.# Add 
now small portions of ammonia in succession till the sulphuric 
acid is neutralized, when the red tint ^discharged. 

2020. The colourless liquid may now be rendered of a brilliant 
green, by adding a little ammonia in excess. It may then be 
changed to a red by adding sulphuric acid in excess, or again 
rendered colourless by neutralizing the sulphuric acid. 

2021. Put one or two roses into the upper part of a glass ap- 
paratus, such as is used in the combustion of iron in oxygen 
(1001, page 291), securing them with a string, and leaving out 
the cork. Take a small earthen-dish # (the lower part o£ a broken 
crucible does very well), put a few grains of sulphur into it, and 
kindle it with a red-hot iron wire. The dish may then be put 
within the gjass-jar, elevating it a little at one side that the air 
may enter freely. The sulphurous acid produced by the com- 
bustion of the sulphur rises in the jar and blanches the roses ; 
some roses are blanched in a few seconds, while others resist the 
action of the sulphurous acid a long time. 

* * See Mordant. 
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2022. Bleach some purple grape hyacinths in the same man- 
ner. 

2023. Hold a few purple grape hyacinths for a short time in 
a jar into which a little strong hydrochloric acid has been thrown. 
The colouring matter soon assumes a vivid red tint. 

2024. Proceed in the same manner with a few more, putting 
a little strong ammonia into the jar instead of hydrochloric acid ; 
they immediately become of a beautiful green colour. 

2025. Repeat the two last experiments with the grape hya- 
cinth after it has been bleached by sulphurous acid. It is acted 
upon in the same manner as if it had not been bleached. 

2026. Make a solution of litmus in water, and try the action 
of acids and alkalis upon it. The acids, it will be observed, ren- 
der the solution red, but the alkalis do not turn it to a green. 
They restore the original tint, however, when added to a solu- 
tion of the litmus reddened by an acid. 

2027. Proceed in the same manner with turmeric. The acids 
do not change the yellow colour, but the alkalis render it brown. 
The acids added to the brown-coloured compound neutralize the 
alkali, and restore the original yellow tint. 

2028. Pour hot water ori the common red cabbage cut into 
small ^pieces. A fine blue-coloured liquid is procured, which is 
rendered red by acids and green by alkalis. 

2029. Put a small quantity of a strong solution of the hydro- 
chlorate of tin into seven or eight ounces of a solution of litmus, 
and add a solution of potassa as long as it produces any precipi- 
tate. The potassa combines with hydrochloric acid, forming 
liydrochlorate of potassa which remains in solution, and the oxide 
of tin, uniting with the litmus, forms an insoluble compound 
which is immediately precipitated. It is in this manner that the 
pigments called Lakes are usually prepared. 

2030. JVfake a similar t experiment with solutions of alum 
(sulphate of alumina and potassa) and litmus ; on adding the 
solution of potassa, the alkali combines with the sulphuric acid 
previously in combination c with the alumina, which is thrown 
down in combination with the litmus. 

As the oxide of tin and alumina can combine only with a cer- 
tain quantity of colouring matter, if the whole of the litmus be 
not precipitated at first, and the liquid be not left transparent 
nd colourless, by adding an additional quantity of hydrochlo- 
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rate of tin or alum to the solution, and precipitating as before 
by potassa, all of it may be thrown dowm. 

2031. Make a strong solution of cochineal in water, and pre- 
cipitate the colouring matter in combination with alumina or 
oxide of tin, by a solution of potassa. A rich coloured lake is 
immediately precipitated similar to Gamine. 

2032. Acetate of alumina is generally preferred to alum in 
processes where -alumina is to be separated in combination with 
colouring matter, as the acetic acid that is disengaged is not so 
liable to react upon cloth or colouring matter as sulphuric acid, 
which often proves troublesome when alum is used. It may be 
easily obtained by adding a solution of the acetate of lead to a 
solution of alum as long as any precipitation takes place, filter- 
ing the liquid to separate the sulphate of lead that is thrown 
down, and concentrating the solution by evaporation. In this 
condition, acetate of potassa is also contained in the solution. 

2033. Digest some indigo reduced to powder for an hour or 
two in sulphuric acid, till a solution is obtained. Dilute the 
solution with a large quantity of water, and put a piece of silk, 
linen, or cotton into it, taking it out immediately and allowing 
it to dry. Part of the indigo combines chemically with the 
cloth, which is soon dyed blue, the shade being more or less 
deep according to the strength of the solution. Solutions of this 
kind being very caustic, other modes have been resorted to for 
dissolving indigo, by which it is subjected to the influence of 
some deoxidating agent. 

2034. Dissolve some sulphuret of arsenic in a hot solution of 
potassa, and digest indigo reduced to a fine powder in the liquid. 
The metallic sulphuret attracts oxygen from the indigo, which 
will become of a green colour, and be ^immediately dissolved. 
Put a piece of cloth into tjie solution, then take it out and allow 
it to dry, exposing it freely to the air. # The cloth combines imme- 
diately with a portion of deoxidated indigo, and appears of a green 
colour when first taken out of the liquid. It soon attracts oxygen 
from the air, however, the indigo recovering its original colour ; 
and it is in this manner that cloth is usually dyed blue by indigo. 
Green sulphate of iron dissolved in water, and mixed with lime, 
which precipitates oxide of iron, is extensively used as a solvent 
of indigo, the oxide of iron deoxidating it, and rendering it 
soluble. Indigogene is the name applied to deoxidated indigo. 
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2035. Expose some indigo to heat over a chauffer in a glass- 
vessel ; it is sublimed at the temperature of 550°, a reddish 
violet-coloured vapour being formed, which bears some resem- 
blance in its colour to iodine vapour, ancl condenses in minute 
crystalline grains. It forms what is more especially termed 
Indigo Blue, which is procured in its purest form by digesting 
it successively with diluted sulphuric acid, potassa, and alcohol. 
Indigo Red and Indigo Beown are the terms applied to two 
other principles cont^ned in indigo, but they are not so import- 
ant as indigo blue. It is insoluble in water and alkaline solu- 
tions ; boiling alcohol dissolves a minute quantity. Strong sul- 
phuric acid is its proper solvent. When the solution is decom- 
posed by diluting it with water, a* portion of the indigo is depo- 
sited in combination with water, forming a hydrated compound 
called Phknecin, or indigo purple. Berzelius has also described 
two new compound acids, Indigo Sulphuric Acid and Indigo 
Hyposulphuiiic Acid, which are formed by the action of sul- 
phuric acid on indigo blue. 

2036. Indigotic Acid is procured by boiling indigo in dilute 
nitric acid. 

2037. Caubozotic Acip (Syrnb. 0 15 C 15 N 3 ) is a more import- 
ant compound, and is formed by the action of strong nitric acid 
upon indigo. It is prepared by Liebig’s process in the follow- 
ing manner : — Indigo, in small* fragments, is heated with ten 
times its weight of nitric acid. It evolves much nitrous acid 
vapour, and is dissolved. The solution is boiled, and nitric 
acid added as long as it produces any disengagement of red va- 
pours. On cooling, a large quantity of semi-transparent yellow 
crystals is deposited. These are washed with cold water, and 
then dissolved by boiling in water. Any oily looking matter 
on the surface of the solution must be removed by filtering pa- 
per laid ypon it. Yellow crystals are obtained on filtering and 
cooling. Dissolve these in boiling water, neutralize by carbo- 
nate of potassa, and purify by repeated crystallization, the car- 
bazotate of potassa thus formed. Dissolve this salt in belling 
water and. add diluted sulphuric acid as the solution cools. 
Crystals of carbazotic acid, of a yellow colour, are deposited. 

2038. Carbazotic acid is fusible, and may be volatilized with- 
out decomposition. It inflames when heated powerfully, and 
leaves a. carbonaceous residuum. It is sparingly soluble in cold 
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water, but much more soluble in boiling water, ether, anil alco- 
hol. Its solution has a bitter taste. It combines with the sa- 
lifiable bases, forming salts which are decomposed by heat. Of 
these some deflagrate ; and others explode with violence if con- 
fined at the same time. 

2039. Numerous other colouring matters have been used for 
the extraction of particular colouring principles, but few of 
them are so important or have been so jninutely examined as 
those obtained from indigo. 

2040. In a paper read lately before the Royal Society of 
Edinburgh, by Dr Hope, lie adduced numerous experiments to 
prove that there are two varieties of vegetable colorable matter, 
which are acted upon by acids and alkalis in producing red, 
yellow, or green tints. The one he has termed Erythrogen, as it 
produces a red colour with acids ; the other, he has denominated 
Xanthogen,* from its affording a yellow compound with alkalis. 

2041. These two principles occur together in red and blue 
flowers, an<f in the leaves of a few plants, presenting the former 
of these tints. Litmus abounds in erythrogen, but has no xan- 
thogen. The term Chromogen is applied to colourless com- 
pounds which produce varied tints when acted upon by acids, 
alkalis, or other agents. Some white flowers contain chromo- 
gen which becomes red or green when acted on by acids and 
alkalis, and there is reason to believe that there may be many 
different kinds of chromogen. 

2042. Chloiiophyle is the name usually applied to the green 
colouring matter of plants, but this term has been applied, and 
also the terms chromule and chromogen, in a variety of dif- 
ferent senses. The green colouring matter of plants is now 
regarded as a peculiar principle, which becomes yellow and red 
during autumn by the absorption of pxygen and the production 
of acid, so that it may often be rendered green again by the ac- 
tion of an alkali which neutralizes the acid. 

2043. Sojne colouring matters can* be communicated to cloth, 
paper, or other substances, by merely dissolving them, and bring- 

* These terms have been applied to substances of a very different character 
by Bizio and Zeise, the former having employed the word Erythrogen to de- 
signate a pec uliar animal matter, and the latter has termed bisulphurefc of 
carbon, xanthogen, as the base of xanthic acid. 
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mg their solutions in contact with the matter to be impregnated 
with them. This depends upon the strength of the attraction 
they exert towards the substances with which they combine ; 
and if they remain permanently in combination after this pro- 
cess, not being easily removed by any ordinary exposure to 
which they may be subjected, tjiese are usually termed sub- 
stantive colours or colouring matters. Of these indigo is 
an excellent example. 

2044. Adjective colouring matters, on the other hand, have 
a comparatively feeble attraction for cloth, but they have a con- 
siderable affinity for earthy or metallic oxides, whether they be 
brought in contact with them in solution, or after they have 
been combined with the cloth to he dyed. These substances, 
which are used to lix such colouring matters on cloth, are usu- 
ally termed mordants or bases, and the most important are 
alumina, oxides of tin, and oxides of iron, which are much em- 
ployed by the calico-printer. 

2045. If an acid paste be applied by a carved wooden block 
or copper cylinder to any part of a piece of cloth t<? be dyed, it 
prevents the mordant from attaching itself at that place when 
the colouring matter enters into combination, and thus a white 
pattern may easily be developed there, while the rest of the cloth 
remains of the tint communicated to it. Citric acid is much 
used fcMVthss purpose. 

2046. To study the general method of proceeding, mix a lit- 
tle of the solution of the sulphate of iron with paste, spread it 
very thin upon cloth* and take up a little by pressing upon it 
any stamp or block of wood with a pattern cut upon it, which 
may be applied many successive times to different parts of the 
cloth if required ; anyjdain piece of wood will do, if no pattern 
can be procured. Dry it, immerse it in a little aqueous ammo- 
nia diluted with much wafer ; the acid is removed, and the pat- 
tern appears on the cloth in the form of oxide of iron. Run a 
little water upon it, and pour upon one portion the infusion of 
galls. A black pattern is jiow seen upon a white ground. Put 
another portion into a basin of water, to which a few drops of 
ferrocyanate of potassa in solution and aqueous nitric acid have 
been added. A blue pattern is now observed. 

2047. For Red Dyes, Brazil-wood, bar wood, lac, archil, madder, 
peach-wood, and cochineal, are the principal colouring matters 
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in common use. The cochineal is procured from an insect, 
which is believed to derive its colouring matter from a particu- 
lar vegetable principle upon which it feeds. Oxide of manga- 
nese and catechu are much used for browns. 

2048. Yellow Dyes are procured principally from saffron, 
hiccory, quercitron bark, Persian berries, turmeric, fustic, and 
annatto. Jt buff is obtained with peroxide of iron. 

2049. Black Dves are made with the same materials as 
writing ink, as gallic acid, tannin, and peroxide of iron ; also 
with madder, logwood, and iron. 

2050. Blue Dyes are commonly prepared with Prussian blue 
or indigo. 

2051. By combining reel,* yellow, blue, or black colouring 
matters with each other, mechanically or chemically, all other 
tints may be produced, and by varying the strength, of the co- 
louring matter, or the strength of the mordant, different shades 
of the same colour may be had. 


Germination and Vegetation. 

2052. Soils. The soil serves not merely as a support for 
the plant, but is also the medium by which it is in general 
supplied with a large proportion of food, and is often the prin- 
cipal source of aliment, especially when it abounds with decom- 
posed vegetable and animal matters. Silica, alumina, and car- 
bonate of lime are the principal earthy^ ingredients in fertile 
soils, and the first of these, silica, is generally the most abun- 
dant, varying from fifty to eighty per cent., and part being usu- 
ally in the form of sand, while the rest ip in a more minute state 
of division. The earthy.matter of the soil also enters into the 
composition of the plant in minute, but variable propprtions, as 
is proved by the nature of the ashes procured after incinerar 
tion. A soil is not absolutely necessary for the growth of all 
plants, as some have been kept fo$ years suspended in the air, 
where moisture and other substances derived from the air have 
alone contributed to its support. Sulphur, pounded glass, and 
metals in a fine state of division, have sometimes been substi- 
tuted for ordinary soils, and still vegetation has been . found 
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to continue, these being the channel by which other matters 
have been supplied. 

Some earthy substances promote the growth of particular 
plants, and may be detected in thpm. Thus sulphate of lime is 
found in clover, silica is secreted in the joints of the bamboo, 
constituting tabasheer, and is observed also in the ashes of dif- 
ferent kinds of grain along with lime and alumina.* 

2053. All plants impoverish soils by drawing off the nutri- 
tious matter which they may contain. But different plants do 
not act with equal force in this respect, nor in the same man- 
ner. Neither in the debris which they leave do they contribute 
the same amount of nourishment. Hence a rotation or succes- 
sion of crops produces a greater return on numerous soils than 
the cultivation of a single species. 

2054. When a seed germinates, the germ or substance of 
the future plant is nourished by the decomposition of the rest 
of the seed, oxygen being absorbed, carbonic acid evolved, and 
sugar being formed. A temperature from 55° to 80° is most fa- 
vourable to germination ; moisture must be present, but light 
retards this operation. By steeping seeds in chlorine water 
when they do not germinate with facility, they are made to 
germinate more -readily, in consequence of the chlorine removing 
hydrogen from the water and thereby liberating oxygen. 

2055. In the process of malting, barley is made to germinate 
by the action of air, heat, and moisture, and tfie process is then 
checked. 

1. It is steeped in water, swelling as it is absorbed. 

2. It is couched) or laid in heaps to the depth of thirty inches 
for nearly twenty-eight or thirty hours, when it gradually be- 
comes warmer. 

3. It is floored) or separated into smaller portions which are 
frequently burned to prevent the germination proceeding irre- 
gularly, and the production of any inequality of temperature. 

Lastly, it is kiln-dryed, or exposed to a considerable heat, by 
which much moisture is expelled, and a deep or light colour 
communicated to the malt according to the temperature applied. 

2056. In malting, the plumula, called also acrospire , is usu- 
ally allowed to extend till it is prolonged to the opposite end of 
the seed, when the process is arrested. From the following 
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analysis of barley and malt by Proust, the changes induced du- 
ring malting may be observed, the principal effect depending 
upon the production of starch and sugar from hordein. 

100 part* of Barley qpntain 100 pafta of Malt contain 


Hordein, 

55 . 




12 

Starch, 

32 . * 




56 

Gluten, 

3* . 




1 

Sugar, 

6 




15 

Gum, 

4 




15 

Kesinp . 

1 




1 


2057. The germ is thus supplied in the living plant with 
more soluble nutritious matter than it previously had, and the 
plumula ascends to form the # body of the plant, while the radi- 
cle descends and constitutes the roots. Considerable loss of 
weight attends germination ; according to Dr Thomson, it is 
equal to one-fifth part. 

2058. Vegetation includes all those processes by which the 
growth of the plant is sustained after germination. By ab- 
sorption from the air and from the soil it is supplied with food. 
By circulation, the sap conveys nourishment and support to 
every part of the plant. By respiration and transpiration the 
sap is so changed in its qualities tlfht the materials it contains 
may be said to have undergone a kind of digestion ; and by se- 
cretion, all those proximate principles are elaborated of which 
each plant is composed. 

2059. Light appears to have great influence on vegetables, 
especially in respiration, as, when it is powerful, they decom- 
pose carbonic acid, absorbing carbon and liberating oxygen, 
while in the dark, they produce carbonic acid principally, and 
consume oxygen. An atmosphere with 10 per cent, of carbonic 
acid, which is said to be fatal to many plants in the shade, con- 
tributes much to their nourishment and support in a bright 
sunshine. The respiration of plants is effected through their 
leaves, though it is not improbable that other portions of the 
surface may also act upon the air, but in a less powerful man- 
ner. No oxygen is liberated except* when the plant is supplied 
with carbonic acid. 

The amount of evaporation and absorption of moisture by 
different plants, varies to a great extent. Some are described 
which absorb and emit moisture so rapidly as to take up and 
give off their weight of water in a single day. 



( 556 ) 


PART. II.— ANIMAL SUBSTANCES. 


2060. Animal substances contain in general carbon, oxygen, 
hydrogen, and nitrogen, along with small and variable propor- 
tions of earthy, saline, or metallic; compounds, more especially 
of iron, which may be traced in most animal matters. Earthy 
compounds are rarely found in them in large quantity, except 
in bones, or in those cases where they may be deposited from 
morbid action, as in calculous diseases. 

2061. Animal is still more prone to decomposition than ve- 

getable matter, from the presence of an additional element, ni- 
trogen, giving rise to a complicated structure and a more nicely 
balanced affinity, which is more easily subverted. Carbonic acid, 
carbureted hydrogen, and •ammoniacal gases, are the principal 
products of the decomposition of animal substances, along with 
variable proportions of animal platters in solution, and small 
quantities of hydrosulphuric and phosphureted hydrogen gases. 
Watery vapour escapes continually along with these, during 
decomposition, but if moisture be not freely supplied by the ex- 
ternal air, the process of decomposition is arrested, and the soft 
solids gradually become hard and stiff, resembling perhaps in 
their mechanical properties stiff leather more than any other 
substance. * 

2062. Among the animal proximate principles, several have 
been noticed bearing a considerable resemblance to those of the 
same class derived from the vegetable kingdom, more especially 
the animal oils and fats, which are similar in their general che- 
mical relations to the fixed* vegetable oils. 

2063. Expose any ordinary animal matter to heat in an open 
fire, it is gradually consumed, depositing at times, however, a car- 
bonaceous crust difficult of incineration. Heat this crust, should 
it not be consumed by the action of the air, with a small por- 
tion of nitre in an iron or earthen crucible. It deflagrates ra- 
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pidly with the nitre, and produces carbonate of potassa. On 
dissolving this, any insoluble earthy or metallic compounds con- 
tained in the animal matter, may be procured by themselves. 

2064. Expose some musculpr fibre to a running stream of 
water for several weeks, taking care to exclude it from the ac- 
tion of the air. It is decomposed, and an imperfect kind of fat 
is produced, supposed to consist of the original fatty matter 
mixed with the fibrine, combined, however, with ammonia pro- 
duced by the decomposition of the fibrins In this condition it 
is usually termed adipocire. 

2065. If animal matters, to be used as food, be put into tin 
cases, these being filled up afterwards with any sauce so as to 
exclude the air as much as possible, and then put into boiling 
water for a number of hours immediately after they shall have 
been introduced into the case, all the oxygen of any included 
air is consumed, the albuminous matters are coagulated, and the 
tin cases having been previously soldered carefully, so as to 
close completely every aperture, the matters thus treated resist 
decomposition, and can be preserved unaltered for a very long 
period under ordinary circumstances. 

2066. Fibrine, albumen, and gelatine, constitute the more^ 
abundant proximate principles of which the soft solids are com- 
posed, their composition per cent., omitting fractions, is given 
in the following table. 

Carbon. Hydrogen. Nitrogen. Oxygen. 

Fibrine, ... 63 7 19 19 

Albumen, .... 60 7 16 26 

Gelatine, ... 47 7 • 16 27 

1. Bone and Soft Solids, 

• 

2067. Expose a few bones to heat in an open fire* All the 
animal matter is consumed, and the earthy and saline matters 
remain, presenting the original form of the bone. 

2068. Macerate a bone in hydrochloric acid, diluted with 
twice its bulk of water. In a few days, jhe earthy matter is 
dissolved by the acid, and the animal matter is left, presenting 
also, as in the preceding case, the original form of the bone. 
Add to the liquid obtained in this manner, potassa in solution 
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till the hydrochloric acid is neutralized. The phosphate of lime 
dissolved by the acid is precipitated. 

2069. Expose fragments of bone to a red heat in a crucible, 
allowing the gaseous matters evolved to escape, but preventing 
any access to the bone by a cover carefully luted to the crucible. 
When gas ceases to be evolved, or.when nothing appears where 
the gas is permitted to escape but a pale blue flame, remove the 
crucible from the fire, allow it to cool, still carefully excluding 
the air ; and when cold, remove the cover. The earthy matter 
of the bone, being covered with charcoal derived from the •de- 
composed animal matter, appears quite black. The mass that 
is thus procure^ is usually termed ^Animal Charcoal or Ivory 
Black, and when reduced to a coarse powder, may be used for 
all the purposes for which it has already been recommended, 
more especially for decolorizing solutions containing animal and 
vegetable colouring matter. 

2070. Digest some animal charcoal in diluted hydrochloric 
acid ; filter the solution, and wash the charcoal repeatedly with 
water. It is procured in this manner in a purer form, but it is 
not necessary for ordinary purposes to separate in this manner 
the earthy ingredients from the animal charcoal. 

2071. The composition of bone varies very considerably at 

different periods of life, and even in different portions of the 
same bone a great diversity in the relative proportions of its 
constituent parts may be observed. In general, bone contains 
about 33 per cent, of animal matter, which is composed princi- 
pally of gelatine. TJie composition of the earthy constituents 
of bone in 100 parts, of common bone is stated in the following 
table. ' v ' 

c Part-. 

Phosphate of lime, about .... 51 

Carbonate of lime, . . . .11 

FluoMde of calcium, 2 

Phosphate of magnesia, ..... 1 

Soda, chloride of sodium, and water, smaller portions. Silica, 
and alumina, sulphate of lime, and traces of oxides of iron 
and manganese. 

* 

2072. Expose bones to the action of high pressure steam 
(steam having a force equal to half an atmosphere over the usual 
pressure of the air is sufficient). The solution produced by the 
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action of the condensed steam with the animal matter forms the 
gelatine of hones extracted by the process recommended by 
D’Arcet. His experiments on this subject have been carried 
on with great success and to a great extent at Paris, producing 
gelatine very economically, and in a condition in which it may 
be applied with great advantage in the preparation of a number 
of different articles of food. 

Composition of Miscellcmeous Animal Solids. 

% 

2073. The Teeth are composed of the same ingredients as 
bone, with a much smaller proportion of animaLmatter. «They 
are dissolved by diluted nitric acid. In the enamel, the phos- 
phate of lime constitutes 78 per cent. 

2074. The Shells of Crustaceous animals, the Pearl, Mo- 
ther-of-Pearl, and the shell of eggs, consist principally of 
carbonate of lime. 

2075. Horns, Hoofs, Tendons, Ligaments, Membranes, the 
Cuticle, and the True Skin, are composed principally of ge- 
latine. Horns, membranes, and. ligaments contain a portion of 
matter insoluble in water, and usually regarded as coagulated 
albumen. 

2076. The Muscles are composed principally of fibrine, as- 

sociated with albumen, gelatine, osmazome, -fatty, and saline 
matter. * 

2077. In Hair, Wool, and Feathers, a peculiar matter has 
been detected, regarded, however, by soipe as approaching to 
coagulated albumen. Silica, sulphur, salts of manganese, and 
lime, have also been detected in them. 

In the substance of the Brain and Serves, albumen, fatty 
matters, and osmazome constitute the principal ingredients, 
which are associated there with a, large quantity of water, 
amounting to about 80 per cent. Sulphur, phosphorus, and 
saline matters have also been detected. 


2. Fibrine. 

2078. Fibrine may be easily procured in a pure form by 
pouring off the serum from coagulated blood, and washing the 
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crassamentum in a linen or cotton bag with a large quantity of 
water, till all the colouring matter and adhering serum is car- 
ried away. The fibrine remains, of a white colour with a tint 
of yellow, which is more apparent in some kinds of fibrine than 
in others. It may be obtained in a state of sufficient purity for 
all ordinary purposes, by cutting muscular fibre to small pieces, 
and washing it repeatedly with cold water. 

2079. Fibrine may be easily converted into a fatty matter 

by the action of diluted nitric acid. Mix three ounces of nitric 
acid with one and a half times their weight of water, and ex- 
pose the liquid to heat over a chauffer with three parts of mus- 
cular fibre. Nitrogen gas is disengaged, not mixed with any bin- 
oxide of nitrogen at first, and appearing to arise solely from the; 
decomposition of fibrine. In a short time, however, the acid 
itself begins to be decomposed, a large quantity of fatty matter 
is formed, and binoxide of nitrogen and vapours of nitrous acid 
are evolved. The nitrogen disengaged in the first. stage of the 
process may be collected, if required, by heating the mixture 
in a glass retort, the beak of which is introduced under the sur- 
face of water in a pneumatic trough with jars arranged in the 
usual manner. 1 

2080. With sulphuric acid, a solution is procured, containing 
a peculiar white matter called Leucine ; the sulphuric acid is 
separated from it by chalk, the solution of the leucine being 
then filtered and evaporated. 

2081. Pour some concentrated acetic acid over fibrine in a 
Florence flask, and pllow them to remain mixed together for 
some time ; the fibrine gradually softens, and on exposing it to 
a gentle heat, it is dissolved, and a gelatinous mass is obtained, 
which is soluble in watpr. The fibrine appears, however, to be 
partially decomposed, as a little nitrogen gas is disengaged du- 
ring the solution of the jelly in water. 

2082. Put some fibrine into a solution of potassa or soda at 
ordinary temperatures, and allow them to remain mixed together. 
The fibrine is slowly dissolved, and may be precipitated again 
from the solution by neutralizing the alkali with an add, but not 
precisely in its former condition. 
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3. Albumen. 

2083. Put a piece of blue test-paper into the white of an egg ; 
it soon turns green, the albumen and water, of which it is almost 
entirely composed, containing* a portion of free soda. A similar 
experiment may be made with the serum of the blood, which 
also is composed principally of water and albumen with a little 
free soda. 

2084. Albumen coagulated by heat, or by drying successive 
layers in the open air, resembles fibrine considerably, and can 
scarcely be distinguished fromdt by the action ofitests. Berze- 
lius states that it has no action on binoxide of nitrogen, but that 
fibrine produces a disengagement of oxygen. 

2085. Expose some of the white of an egg or the serum of the 
blood to a temperature which need not exceed 160° ; in a short 
time it is cofi verted into a firm coagulum. 

2086. Mix some albumen with a considerable quantity of cold 
Avater, and expose it afterwards to heat ; the albumen is coagu- 
lated, and the water becomes opaque^ even though the liquid 
should not contain more than 1 ^nndtli part of albumen. 

2087. From the property which albumen has of being mis- 
cible with cold water, while it is coagulated by hot water, it is 
used in many chemical operations for clarifying saline solutions 
which do not coagulate it at natural temperatures. For this 
purpose, the albumen is added to the liquid to be clarified while 
cold, and on exposing it to heat, the albumen coagulates slowly 
as the temperature increases, forming a kind of network which 
envelopes the dust and any other extraneous matters which the 
liquid may contain, and collects as a scum at the surface which 
is easily removed. On the* large scale, the fluid part of blood 
is much used for this purpose, the fibrine being separated as the 
blood is drawn, by stirring it briskly with a bundle of twigs be- 
fore it coagulates. 

2088. Put the white of an egg intoh Florence flask, and pour 
an ounce or two of sulphuric acid upon it ; the albumen is im- 
mediately coagulated, and on applying a gentle heat, it is com- 
pletely dissolved ; it is decomposed, however, at the same tune, 
and the liquid assumes a very dark colour, having a purple tint. 
When the heat is very carefully applied, Dr Hope found that 

N n 
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the liquid often becomes of a very beautiful red colour ; the 
circumstances necessary to insure the production of this fine tint 
in all cases have not been determined. 

2089. Mix the white of an egg with a considerable quantity 
of water, and pour the liquid into a number of glasses ; then 
add to these, alcohol, dilute sulphuric acid, hydrochloric acid, 
nitric acid, a solution of ferrocyanate of potassa mixed with 
acetic acid, a solution of the bichloride of mercury, and a solu- 
tion of the ditacetatS of lead. The albumen is coagulated by 
acids and alcohol, and decomposes solutions of several metallic 
salts combining with the metallic oxide, and forming an inso- 
luble compound which is precipitated. With the bichloride of 
mercury, the precipitate that is thrown down was formerly re- 
garded as a compound of the chloride of mercury and albumen. 
But various statements have been made of late upon this point, 
the precipitate having been regarded by some as a compound of 
peroxide of mercury and albumen, the peroxide being produced 
by the action of water and the bichloride. Smaller quantities of 
albumen may be detected in this manner than in any other way, 
a single drop of a saturated solution of the bichloride rendering 
water turbid when it contains only a 2000dth part of albumen 
in solution. An excess of albumen dissolves those precipitates 
which are compounds of an albumen and an oxide. 

2090. Add an infusion of galls to a similar solution of albumen 
in water ; a copious precipitate is immediately thrown down, 
composed of albumen and tannin. 

2091. Phosphoric* and pyrophosphoric acids do not precipi- 
tate albumen, but the metaphosphoric acid coagulates it with 
facility. 


4. Gelatine and Osmazome. 

2092. Dissolve one part of dry gelatine in a hundred parts of 
hot water ; a liquid is obtained, which becomes a tremulous 
jelly when cold. 

2093. Add an infusion of galls to a solution of gelatine in water ; 
a copious precipitate is immediately thrown down, composed of 
tannin and gelatine, and similar in its composition to leather. 
Pour boiling water upon it until its particles aggregate and se- 
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parate from the greater portion of the water. It presents a 
very peculiar appearance, is very soft, may be moulded into any 
shape, and drawn into long threads, or stretched into a thin 
membranous looking sheet. It soon becomes very brittle, losing 
all the elasticity it presents at first. 

2094. Add a solution of the bichloride of mercury to a solu- 
tion of gelatine and albumen as long as any precipitation takes 
place ; the albumen is precipitated, and the gelatine remains in 
solution ; it may be removed afterwards by a solution of tannin. 
If the tannin be added to the liquid containing the Albumen 
and gelatine before precipitating the former by bichloride of 
mercury, both the albumen and the gelatine are thrown down 
in combination with it. 

2095. For all ordinary experiments where gelatine is required, 
common glue will be found to do very well ; where it is neces- 
sary to have a purer gelatine, Isinglass should be employed. 
Glue is commonly procured by boiling animal substances in 
water, and evaporating the solution till it becomes sufficiently 
concentrated, fatty matters and other substances insoluble in 
water being separated. The gelatine of glue is accordingly 
never pure. 


5. OSMAZOME. 

2096. Osmazome is found associated with muscular fibre and 
other animal matters ; it is particularly distinguished by its 
solubility in water and alcohol at any temperature, and by not 
forming a gelatinous solid when its solution is evaporated. It 
is precipitated by infusion of galls. Osi/iazome is regarded as 
the matter which gives to broth its peculiar flavour. 


6. Blood. 

' * 

2097. The blood is a fluid which is usually of a red colour, cir- 
culating through the system in acomplicated manner in thehigher 
animals, when it passes from the extreme vessels in which 
it performs the various functions Required in the living* system 
to the right auricle of the heart, by which it is propelled into the 
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right ventricle. From the latter, it is conveyed to the lungs 
where it is subjected to the action of the air, returning now to 
the left auricle and subsequently to the left ventricle, by which 
it is propelled in endless succession throughout the whole system 
so long as life continues. It loses the bright colour it had ac- 
quired in the lungs, as it again ‘reaches the extreme vessels 
where the working arteries, as they have been popularly termed, 
continue their functions, and assumes the dark tint of venous 
blood which is again renovated in tlie lungs, while the nourish- 
ment derived from the food and various products absorbed from 
the different tissues are equally conveyed to it during the pro- 
gress of the circulation. 

2098. Examine a portion of newly drawn blood by the mi- 
croscope. It is not homogeneous, but presents the appearance 
of a transparent fluid, in which red globules are seen suspended, 
being flattened, and not spherical, as the term globule is apt to 
indicate. 

2099. These globules are of different sizes and forms in 
different animals. In man they have usually been regarded as 
having a diameter equal to the l-5000dth to the 3000dth of an 
inch. They present the appearance of flattened disks, and have 
evidently an organized structure, consisting of a central nucleus 
with a red envelope. The annexed figures, from Muller’s Phy- 
siology, represent the figure of the globules of blood from six 
different animals. 


Fig. 233. 



Fig. 1. Red particles of human blood. (Wagner.) 

Fig. 2. Red particles of the blood B of the common fowl ; a, 
ordinary appearance when the flat surface is turned toward the 
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eye ; 4, appearance which is sometimes presented by the particle 
when in the same position, and which suggests the idea of a 
furrow surrounding the central nucleus ; r, rf, different appear- 
ances of the particles when seen edgeways. 

Fig. 3. Red particles of the frog. 

Fig. 4. ... of the squalus squatina. (Wagner.) 

Fig. ... of the lopliius piscatorius. (Wagner.) 

Fig. 6. Particles from the blood of the scorpion. (Wagner.) 

2100. Collect some blood in vessels of .different depths, and 
observe the variety in the manner in which it coagulates, ac- 
cording as it is received into deep or shallow vessels. The 
buffy coat, so often observed in blood taken during any inflam- 
matory action, may be noticed frequently when the blood is 
received into a deep jar, depending upon the red particles sub- 
siding through a portion of the coagulum ; it is always observed 
in the blood of horses. Dr Newbigging has shewn that the 
colour of the coagulum is affected in a remarkable manner, 
when the blood coagulates upon vessels of a green colour. 

2101. The coagulation of the blood commences within a few 
minutes after it has been abstracted from the bloodvessels, and 
sometimes continues even for several days, as in the inflammatory 
blood of acute rheumatism, so that the proportion of crassamen- 
tum appears very small compared with the amount of serum in 
which it floated. 

2102. This process is differently affected by a variety of cir- 
cumstances, some of which accelerate it, others again retard it, 
but the precise conditions under which these modifications are 
effected are not all determined. 

Temperature affects the coagulation in a very marked manner ; 
blood which coagulates in 5 minutes at 60° requires 60 minutes 
to coagulate completely at, 40°. The blood further coagulates 
quickly in proportion to the degree qf exhaustion of Jthe vital 
powers, and when the air is rapidly exhausted from the vessel 
in which it is received, this process is observed to take place 
with great celerity. The quickness *>f the process of coagula- 
tion is further influenced by the character of the stream of the 
fluid, for when that is large and full it is rapid, but slow if it 
be small. 

Certain alkaline salts, such as the muriate of soda, muriate of 
ammonia, or the nitrate of potassa, prevent coagulation taking 
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place. On the other hand, alum, and the sulphate of zinc, or 
copper promote this change in fluid blood* Venous blood co- 
agulates more rapidly than arterial, and the smaller the quan- 
tity, the sooner is the process completed. 

2103. Again, certain states of the animal body, immediately 
preceding, or causing death, interfere with the process of co- 
agulation, as for instance when death takes place in consequence 
of a stroke of lightning, or is preceded by some powerful mental 
emotion, or immediately follows severe and excessive physical 
fatigue, as in animals hunted to death. 

2104. " Stir some newly drawn blood with any solid substance, 
as a bundle of twigs ; the fibrine in general adheres to it, and 
the colouring matter is retained \)y the serum or fluid portion. 

2105. Take some fluid blood from which the fibrine has been 
separated, in the manner directed in the preceding paragraph, 
and pour a small portion into flasks or bottles filled with 
oxygen, hydrogen, nitrogen, and carbonic acid gases ; or, a 
portion of the coagulum of blood may be introduced into these 
gases. The colour brightens slowly where the blood is exposed 
to oxygen, or air, which contains oxygen in such a state that 
it can easily be transferred to the blood. And further, the 
brightening is not produced unless a certain proportion of serum 
or other fluid be present, containing common salt or some other 
saline substance in solution. 

2106. Put a thin portion of the coagulum of blood under 
water, and allow it to remain for a considerable time, till the 
colouring matter is Removed. 

2107. Put a portion of the coagulum into water containing 
no saline matter, and observe the dark tint that is produced. 

2108. Put another jportion into a solution of common salt, 
and notice the brilliant tint which # the colouring matter now 
acquires, 

2109. Add concentrated sulphuric acid to a portion of blood ; 
a peculiar odour may be perceived, which is said to be charac- 
teristic of the animal iron* which it may have been taken. 

2110. Dilute with ten parts of water, the scrum of the blood 
in which the colouring matter has been dissolved, by stirring 
the blood in the manner described for the separation of the 
fibrine. 

2111. Heat it to 140°, when the colouring matter separates 
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from the albumen, the latter requiring a temperature of 160° 
for coagulation. The colouring matter termed Hematosine is 
of a dark colour when prepared in this manner. A solution of 
the colouring matter, in a more favourable condition for its se- 
paration, may be obtained by stirring the coagulum of blood in 
water, after having separated 4 s much serum as possible by drain- 
ing it 01 ^ bibulous paper. 

2112. Hematosine is black when pure, and brownish-red 
when freely dissolved in water. It consists of carbon, oxygen, 
hydrogen, and nitrogen, with a small quantity of iron. It co- 
agulates at a lower temperature than albumen. It is tendered 
red by exposure to the air, or oxygen ; and, as may be distinctly 
seen in venous blood, becomes of a highly brilliant hue, when 
any of the neutral alkaline salts are added, as the muriate of 
soda or nitrate of potassa. By acids, as the carbonic, or alkalis, 
it is tendered black. 

2113. Procure some serum free from colouring matter, by 
allowing newly drawn blood to remain at rest till the serum 
lias separated in considerable quantity from the coagulum, de- 
canting it afterwards with great care. 

2114. Repeat with the serum of the^blood, all the experiments 
described under albumen. 

2115. Expose an ounce or two of the serum of the blood to a 
very gentle heat till it is coagulated, cut the coagulum into small 
pieces, and put it on a filter ; a watery fluid (usually called the 
Serosity) exudes, which maybe separated easily by pouring more 
water on the coagulum. It contains in solution the greater part of 
the salts of the blood. Hydrochloric acid may be easily detected in 
it by a solution of the nitrate of silver, which gives a curdy preci- 
pitate with this liquid. Soda is indicated by the tint which is com- 
municated to the flame of the blowpipe lamp, when the solid 
matter that remains after evaporating # a drop is exposed to it. 

2116. According to M. Le Canu, 1000 parts consists of the 
following substances : — 


Water, ' • • 785.590 

Fibrinc, 3.566 

Albumen, 69.415 

Colouring Matter, 119.626 

Crystalline fatty Matter, termed Sordine, (Cholesterine), . 4.300, 

Oily Matter, # 2.270 

Extractive, soluble both in Al c °h°l and Water, . 1.920 
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Albumen combined with Soda, .... 2.010 

Chlorides of Sodium and Potassium, with Phosphates, Sul- 
phates, Carbonates of Potassa and Soda, . . 7.304 

Carbonates of Lime and Magnesia ; Phosphates of Lime, 

Magnesia, Iron, and Peroxide of Iron, . . 1.414 

Loss, 2.586 

2117. If we compare the water with the solids of the serum 
and erassamentum, the following estimate may perhaps be con T 
sidered as approximating to the average quantity of these ma- 
terials in 1000 parts.. 

Water, 784 

Solid* Matter of Crassainentum, 129 

Serum, 87 

2118. In the serum, again, the following arc the ingredients 
in 1000 parts, according to Marcet. 


Water, 900. 

Albumen, 86.8 

Muriate of Potassa and Soda, 6.6 

Merco-extractive Matter, ...... 4. 

Carbonate of Soda, 1.65 

Suljriiate of Potassa, 0.35 

Earthy Phosphates, 0.60 


The specific gravity varies in general from 1.0527 to 1.057. 
That of the serum amounts to nearly 1.030. 

2119. Respiration consists in the inspiration and expiration 
of air, during which the air received into the lungs acts upon 
the blood, the dark purple venous blood changing to the bright 
and brilliant red colour which is seen in arterial blood. The 
air penetrates through the thin membrane of the cells of the 
lungs, numerous experiments, particularly those of Dr Mitchell 
and Dr Faust, having shewn that air can pass through mem- 
branous matter, and affect chemically the contents within. The 
extensive surface on \Miich the fluid is spread in the cells of the 
lungs, must be peculiarly favourable for the absorption of oxygen 
from the air by the blood*, and the evolution of carbonic acid. 

2120. Blood agitated with' air or oxygen becomes of a florid 
red in the same manner as in the lungs ; but with nitrogen 
and with carbonic acid the colour is darkened. The quantity 
of air affected appears to correspond with the amount of colour- 
ing matter in the blood. The presence of saline matter, as in 
theoAerum of the blood, is essential to the change of colour ; it 
does not take place without it, however freely the air or oxygen 
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may be supplied, as Dr Stevens proved. The experiments of 
Dr Gregory and Mr Irvine have shewn that oxygen is neces- 
sary to induce the red tint in the globules diflused through 
serum, or any similarly diluted solution of saline matter, 
though the change may be produced in a strong saline solution 
without any oxygen. SANGyiFic ation is the term applied to 
the changes that are produced in the fluid derived from the 
food, as it is converted into blood. 

2121. During respiration the quantity of oxygen in the air 
is diminished, and in man it is replaced by an equal bulk of 
carbonic acid gas ; in other animals, the quantity of this gas 
given out is occasionally observed to be greater and sometimes 
less than the oxygen consumed. Every minute, it has been 
calculated by Messrs Allen and Pcpys, 26 c. i. of carbonic acid 
are produced ; an estimate considered rather high by many 
chemists. The air given out from the lungs contains, according 
to other estimates, 3.6 per cent, of carbonic acid ; according to 
them, from 6 to 8 per cent, of this gas. 

2122. According to Dr Thomson, “ there are twenty respi- 

rations per minute, and sixteen cubic inches of air taken in and 
thrown out at each respiration ; we have, therefore, 28,800 re- 
spirations in twenty-four hours, and 460,800 cubic inches of air 
passing through the lungs. of this, or 17,141.76 cubic 

inches are converted into cafbonic acid gas. Now, 100 cubic 
inches of carbonic acid weigh nearly 50 grains ; so that the 
weight of carbonic acid formed is 8,570.83 grains, ^ths of 
which, or 2337.5 grains, are carbon. ^ — Records of Science. 

2123. Dr Thomson’s, Dr Prout’s, and Dr Fyfe’s experiments 
shew that the quantity of carbonic acid evolved at different 
temperatures, varies much under different circumstances, and 
even at different periods of the day. 

2124. By a forced expiration, about 200 c. i. of aiy may, on 
an average, be expelled from the lungs. 

2125. The nitrogen of the air is little affected, apparently, 
by respiration ; occasionally its quantity appears to be increased, 
and sometimes it is diminished, the effect varying with the sea- 
sons and other circumstances. 

2126. Atmospheric air is the only gas that can be respired 
permanently without injury to life. 

Nitrogen and hydrogen may be respired, but do not support 



570 


RESPIRATION. 


life, in consequence of being incapable of sustaining the chemi- 
cal changes whigh oxygen produces upon the blood. 

2127. Other gases are extremely deleterious and usually 
called poisonous gases, as hydrosulphuric acid,* arsenureted 
hydrogen, cyanogen, phosphureted and carbureted hydrogen. 
Many others, also, are not only poisonous, but cannot be re- 
spired when they approach the glottis in a concentrated form, 
suddenly inducing a spasmodic contraction, which is apt to 
produce suffocation ; # as chlorine, carbonic acid, binoxide of 
nitrogen, ammonia, and all acrid acid gases. If, on the other 
hand, these should be so much diluted as to enter the lungs, the 
spasmodic contraction not being induced, the most severe and 
distressing irritation is occasionally experienced for several days, 
as, when chlorine gas is respired in this manner, the degree of 
dilution not being great. A case is recorded by Mr Buddie, 
where strong carbonic acid appears to have entered the lungs, 
and, though the individual was noticed very soon afterwards, it 
was found impossible to restore animation. 

2128. The skin affects the air much in the same manner as 
the lungs, carbonic ac$ being produced and oxygen consumed. 

2129. In some animals, t respiration is carried on entirely by 
the skin, and a considerable quantity of carbonic acid evolved. 

2130. The most elaborate researches have been made in re- 
ference to the phenomena of respiration by Goodwyn, Lavoisier 
and Spallanzani, Menzies, Davy, Humboldt, Edwards, Dulony, 
Despretu, and numerous other eminent men of science, a minute 
account of which maj be seen in physiological works, but one 
point appears hitherto to have been comparatively neglected, 
viz. — the amount of air which it may he desirable to supply for sus- 
taining in the most effective manner the functions of life in man , a 
question essentially different from that which refers to the 
amount of air received into the lungs. Under these circum- 
stances, it occurred to me to enter upon this investigation, and 
having examined the state of the atmosphere in numerous pub- 
lic buildings abroad and at home, as well as in mines, manufac- 
tories, on- board ship, and in ordinary habitations, while the 
construction of five different apartments allowed me to operate 
on numbers at a time, the largest having on one occasion been 


See Hydrosulphuric Acid. 
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crowded with 234 persons at the same moment, I subjoin a 
condensed view of some of the principal resultg^ the minute de- 
tails of the experiments being explained in a paper on this 
subject. It may be proper to add, that two boxes were also 
provided; capable of being hermetically sealed, or supplied with 
any quantity of air that might be required, or with any mixture 
of gases ; one of these was constructed for a single person, and 
the other for sixteen, and in the experiments in the large 
apartments, the air introduced was also entirely under control. 

2131. The amount of air required for respiration has long 
been known to be far beyond what passes through the lungs, 
and in the following statements the term respiration is used in 
its most extended sense, referring to all that is consumed or re- 
quired both for the lungs and for the skin, in the function of in- 
sensible transpiration. 

2132. — I. From two to four cubic feet of air have usually 
been recommended at ordinary temperatures as a proper supply 
for the human frame. I have rarely met with any individuals 
who were satisfied with this amount. Many are not sensible of 
its evil consequences at the moment, bqt complain soon after- 
wards, or rise with headach on the succeeding day. In extremely 
cold weather, the body being exposed to a very low tempera- 
ture, a comparatively small quantity is required ; but at ordinary 
temperatures, I have, in genertil, allowed ten cubic feet of air 
per minute, and in warm weather, not oppressively hot how- 
ever, sixty cubic feet are desirable. # In the House of Commons, 
at one period, this quantity was given, 36.000 cubic feet being 
supplied every minute for three weeks successively, and a smaller 
quantity was not agreeable. The functions of the skin and of 
the lungs appear to demand a supply of air increasing in a far 
greater ratio than the temperature, which must in part depend 
on the comparatively smaller cooling’ power of the qir as well 
as on the state of the respiration, and insensible perspiration. 

2133. — 2. Different individuals vary as much in the nature of 

their appetite for air as in their appetite for food and drink. In 
public buildings more 1 especially, the atmosphere that may be 
agreeable to some is intolerable to others, a difference to be 
attributed partly to peculiarity of constitution, and partly to 
habit. ** 

2134. — 3. Three cubic feet per minute for each person is a 
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supply far above what is often afforded in crowded assemblies, 
either in public gildings or private dwelling-houses, — a quantity 
insufficient to maintain the system in that high tone and vigour 
which it acquires with a larger supply. 

2135. — 4. A quantity, even considerably less, is more accep- 
table to most individuals than a larger portion moving in strong 
currents, or striking unequally ilfon the body. 

2136. Many other circumstances affect respiration indepen- 
dent of the quantity qf air supplied. 

2137. Light exerts a powerful influence on respiration, <ind 
probably* on all the functions of life. In experiments where I 
was subjected to an oppressive atmosphere, I imagined that I 
always recovered sooner in a pure* Atmosphere, if I was exposed 
at the .same time to a brilliant light. 

2138. The Electrical Condition of the air also affects con- 
siderably the state of respiration, but this subject requires a 
much more extended investigation. 

2139. Porous Clothing is extremely important in sustaining 
the functions of the skin. Languor, disease, and, in extreme 
cases, even death, may ensue when these are arrested, though 
the lungs may be supplied-with the purest atmosphere. 

.2140. Excessive Moisture in the air affects not only the 
heat and electrical conduction of the body, but is an obstacle to 
the discharge of moisture, botlf from the lungs and from the 
skin. In many ill-constructed apartments a restless night may 
be produced by an unwholesome atmosphere, but be greatly 
aggravated by superabundant moisture. When the air is too 
dry, the headach, cough, and harshness of skin which it is 
apt to induce, ought to be relieved by exposing water in basins 
to the air of the apartment, sprinkling the floor with it, or intro- 
ducing steam. 

2141. Effluvia from marshes, from the body in a state of 
disease^ and peculiar states of the atmosphere, which have not 
hitherto been explained, have also great effect upon the system 
generally. Great difference is observed in different constitu- 
tions, some individuals being occasionally overpowered almost 
instantaneously by particular odours or effluvia, which are com- 
paratively feeble in their action upon others. 

21 ic2. In supplying air for respiration generally, it ought to 
be recollected that the question is not the amount of air with 
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which a vigorous constitution may be content, but the amount 
that can be supplied, with a reasonable economy, in the general 
construction of apartments, and with which the constitution may 
be supported in the highest tone and vigour. In this country, 
also, it ought not to be forgotten, that whatever may be the evil 
consequences of a vitiated atiA^sphere operating slowly, but in- 
sidiously, for a long period upon the system, perhaps as much 
disease and death has arisen from the inequality with which air 
is often supplied, especially in many hospitals, where, instead of 
being admitted so that its impulse is almost imperceptible, 
it may be traced descending from the window as a waterfall, 
and perhaps falling continuously, for a considerable time, upon 
a patient labouring under an inflammatory affection. 

2143. In many local situations, it is desirable to purify the 
air introduced into different buildings, at least, so far as to ex- 
clude the minute soot or blacks suspended in it. In London and 
Manchester, several hundred portions of soot may at times be 
seen deposited upon a square foot of surface within a few hours. 

2144. In examining old wells and pits a candle ought always 
to be introduced before any one attempts to descend, as the best 
indication of the presence of carbonic acid, being extinguished 
at once if the air is so vitiated with carbonic acid as to prove 
dangerous. It is by no means plicate, however, in its indica- 
tions, as some constitutions are not much affected when sub- 
jected for a limited time to an atmosphere barely containing 
sufficient carbonic acid to put out a burning candle, while others 
have had asphyxia induced by a smaller proportion. Again, in 
some pits, as in some of the large Manchester grave pits in one 
of the public cemeteries, there is a constant influx of carbonic 
acid, which appears to collect from the neighbouring strata in 
the same way that water collects in a well, so that, though it 
may have been ventilated during the* preceding everting, it is 
unsafe to enter them again next morning till they are again ven- 
tilated.* 

2145. Again, it must be recollected, that all candles do not 
burn with equal facility, that an oil-lamp is not so easily extin- 
guished as a candle, and that a gas-lamp burns, though imper- 
fectly, for a long time in an atmosphere that does not support 
the combustion of either of the former, the light becoming 

* See Ventilation, 
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paler, and at last completely blue, while the flame is greatly ex- 
tended before it is extinguished. 

2146. In various experiments with candles, oil-lamps, and 
gas-lamps, I have generally found, that in a limited atmosphere 
containing twenty cubic feet of air, acted upoq, at the same time 
by an ordinary-sized tallow-candle and oil-lamp, a fish-tail gas- 
lamp, and an argand gas-lamp, the observer respiring the same 
air,, the lamps and candles being placed on the floor. 

The candle is extinguished in five minutes. * 

‘ ... oil-lamp, single wick, six. 

... fish-tail gas-burner, seven to thirteen. 

... argand-bumer, <- « fifteen. 

When the argand was extinguished my respiration was both 
laborious and hurried, and amounted to about sixty per minute. 
I could not count my pulse, which was very quick ; and, feel- 
ing that I was beginning to be severely oppressed, and losing 
consciousness, I opened the experimental box. Specimens of 
air subsequently analyzed, shewed that it contained within a 
fraction of ten per cent, of carbonic acid gas. 

2147. Animal Heat.—* The discovery of carbonic acid in the 
air disengaged from the lungs during respiration, was made by 
Dr Black. He considered respiration analogous to combustion, 
and that the carbonic acid is formed in the lungs. Crawford, 
adopting his views, believed that the capacity of the blood for 
caloric is increased at the moment the carbonic acid is produced, 
and hence the reason why no burning heat is perceived in the 
lungs ; but the capacity of the blood, he supposed, is diminished 
as it passes from arterial to venous blood in the extreme capil- 
laries, when the heat that had originally been produced (though 
not sensible in the lungs) is evolved, t diffusing an equal degree 
of warmth over the wholq body. His experiments, however, as 
to the relative capacities of oxygen, carbonic acid, venous and 
arterial blood, on which the theory rests, have not been sup- 
ported by other chemists. t 

2148. Mr Ellis considered that carbon is separated from the 
blood as an excreted product, and then acts on the air inspired. 

2149. Hassenfratz and Le Grange proposed another view of 
the* manner in which the carbonic acid is produced, and it is 
most generally received at present. They considered that the 
oxygen of the air is absorbed by the blood, and a corresponding 
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quantity of carbonic acid evolved, having been formed in the 
course of the circulation by the oxygen which had been previous- 
ly absorbed. Carbonic acid gas has been detected in venous 
blood, being evolved when it is transferred directly from the 
living body into an atmosphere of hydrogen gas. 

2150. The skin affects the* air much in the same manner as 
the lungs, carbonic acid being produced and oxygen consumed. 

2151. In some animals, respiration is carried on entirely by 
the^skin, and a considerable quantity of carbonic acid evolved. 

2152. The production of animal heat was considered by Dr 
Black to depend upon the formation of carbonic acid by the 
oxygen of the air combining with the carbon of the blood. Nu- 
merous experiments have now proved, that the greater the heat 
produced in the body, the greater the consumption of oxygen 
in the lungs ; it is also supposed that this operation is not the 
only source of animal heat, but that it may be developed in part 
by other operations going on at the same time. 

2153. Researches have been made by Brodie and other emi- 
nent scientific men, from which it has been concluded that the 
chemical changes might be induce^ after death by artificial 
respiration, without developing a sufficient amount of heat to 
maintain the body at the ordinary temperature, and that a new 
source, viz. the nervous influence, must be looked to as the real 
cause of animal heat. The experiments performed are by no 
means satisfactory however, nor is there decided proof that all 
the usual chemical changes were in action, though the blood 
might have undergone the usual changed of colour in passing 
from the veins to the arteries through the lungs. 


2154. By disease, blood is much altered in its properties. In 

cases of cholera it is very much afffected ; its colour* becomes 
dark, sometimes it acquires the consistence of tar, and is less 
readily affected by the oxygen of the air. It loses much water, 
and most of its saline matter, the proportion of albumen and 
colouring matter being increased. Its density is greater, and 
it does not coagulate. , 

2155. Blood occasionally presents a white appearance, ^atfng 
to the presence of fatty matter in considerable quantity,' which 
is detected by ether dissolving it, and giving a solution, from 
which it may be procured by evaporation. 
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2156. In cases of inflammatory action, the crassamentum is 
covered with a coat of pure fibrine, usually called the buffy 
coat. This arises from the blood being so altered in its quali- 
ties, that the fibrine it contains in solution, coagulates more 
slowly than the rest of the blood, and part of it is deposited 
above the red clot. The red globules of the blood are considered 
heavier than pure fitirine, consisting of a small portion of colour- 
less fibrine in the centre, which is surrounded by the colouring 
matter of the blood. "When the blood is removed from the body, 
and the colouring matter escapes from the globule, the fibrine 
from the centre adheres firmly together. 

2157. The blood is affected to a great extent in a number 
of other diseases, though this may not in general be so easily 
recognised as in the preceding cases, chemical analysis being 
required to point out the change. Occasionally, however, the 
change is sufficiently evident, as in jaundice, when the blood ac- 
quires a greenish-yellow tint in consequence of the absorption 
of bile. The black vomit observed in yellow fever is regarded 
as a compound of blood and muriatic acid. Urea is frequently 
observed in blood, more especially in those cases when the se- 
cretion of urine -is affected. 

2158. Dr Christison has given a table of the relative propor- 

tions of hematosine, dry serum,, fibrine, and water, in different 
specimens of blood, more especially in affections of the kidneys ; 
illustrating also the composition of blood from different indivi- 
duals in full health. The following extract shews the general 
result : — • 


1 

« 

Hemato- 

sine., 

Dry Serum. 

Fibrine. 

Water. 

From a healthy middle-aged and stout 
seaman, 

1535 

853 

62 

7562 

From a yoVing woman in full hbaltli, . 

1207 

816 

26 

7952 

From a man affected with granular 
kidney for. two months, having been 
twice largely bled ; the urine was 
very albuminous, . r • . 

755 

672 

82 

8592 

From a young man affected with gra- 
nular kidney for three months and a 
half, after scarlatina, . 

427 

973 

45 

8555 

From a man with granular kidney for 
sjggmonths, bled much 18 months 
before, 

491 

603 

66 

8870 

From a woman seven weeks after co- 
pious blood-letting, on account of 
pneumonia, .... 

574 

938 

44 

8441 
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2159. The following* extract from Professor Cliristison’s 
work on granular disease of the kidney, requires careful perusal 
by those who may wish to examine the proportions of fibrine, 
colouring matter, dry serum, and water in the blood. “ Dry 
serum is the term applied to the products obtained on evapora- 
ting serum. On some occasions the blood was collected in a 
bottle containing a few fragments of lead ; and the bottle, after 
being filled to the lip, was secured with a grooved stopper, and 
agitated for ten minutes. It was then weighed, to ascertain 
the quantity of blood made use of. The fibrine which was all 
collected round* the lead, was then separated, well squeezed, 
slightly washed, squeezed again, and weighed moist. It was 
next well soaked in repeated 'portions of water to remove the 
serum, which may be supposed to constitute its impregnating 
fluid ; and lastly, clried in the vapour bath till it ceased to lose 
weight. This gave the amount of dry fibrine. The difference 
between it and the weight of moist fibrine was carried to the 
amount of serum. The fibrine being removed, the colouring 
matter and serum were left at rest for twenty-four hours to se- 
parate. The serum was then poured off, weight increased by 
the supposed serum of the moist fibritje, and its proportion of 
solid ingredients ascertained by evaporating 200 grains at 212° 
till they ceased to lose any weight. A simple calculation thus 
gave the quantity of albumen and salts in the clear scrum. The 
subjacent stratum of mixed serum and colouring matter may be 
considered as pure haematosin, moistened, like the fibrine, with 
serum, as well as simply mixed with it. The total amount of 
solid matter being therefore ascertained By evaporating 200 
grains, the residuum was held to consist of dry haematosin and 
dry serum. The amount of dry serum was estimated from the 
loss sustained by evaporation, the whole water being considered 
to belong to the serum, the* solid and aqueous portions of which 
were known from the previous step of* the analysis applied to 
the clear serum ; and the difference of weight, after subtracting 
the dry serum from the total weight of the dry mixture, gave the 
weight of the haematosin. This method of estimating the amount 
of haematosin is now generally considered accurate by the best 
authorities. In thus ascertaining the amount of dry serum and 
dry haematosin after the removal of fibrin, care must be t&Lan 
to add to the weight of the mixture, the portion of it included 

o o 
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in the fibrin, which, however, is usually very scanty, and which 
is found by subtracting from the total weight of the blood the 
weight of the mixed serum%nd hoematosin plus the weight of 
the moist fibrin slightly washed and squeezed. It is not always 
practicable, however, or at least convenient, to collect the blood 
in the way here explained, although it appears to me the most 
satisfactory method. Sometimes we must be content with ope- 
rating on the blood collected and coagulated in a cup in the 
usual way. Here, in^the first instance, the cup must be covered 
to prevent evaporation. The serum is then poured off fror$ the 
clot, and both are weighed, and the solids of the serum ascer- 
tained as above. The clot is then inclosed in a small cloth, 
broken up, gradually squeezed till no more colouring matter 
drops from it, and the remaining colouring matter on the fin- 
gers, in the cloth and in the clot, obtained* by washing with 
water and squeezing again. The fibrin is then weighed moist, 
soaked, dried, and weighed as above. The difference between 
the total blood, and the moist fibrin and clear serum together, 
gives the total mixture of serum and hsematosin, which, by this 
method, is all saved and collected, but with the addition of a 
little water, the dry residuum of this mixture is ascertained 
in the usual way, and its proportional haematosin and serum are 
got at by an obvious calculation.*” 


7. Salivary, Pancreatic, and Gastric Juices — Digestion 

Bile. 

• 

2160. Little solid matter is found in the saliva, scarcely 
amounting to one per cent. It consists of a peculiar animal 
matter and saline substances, with free soda and sulphocyanate 
of potassa. Its composition varies ’much, and it has been ob- 
served acid, alkaline, ancl neutral. 

2161. The pancreatic juice contains a little albumen, curdy 
matter, osmazome, a free acid (acetic ?), but no sulphocyanie 
acid. It was formerly considered similar to the saliva. 

• 2162. Gastric, J uice. — This fluid is secreted in its proper form 
only from the stimulus of food, when muriatic acid may often 
bfp^lstinctly traced in it ; to it the great solving powers which 
it possesses are attributed ; acetic acid is also associated with it. 
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The muriatic aci£ is probably derived from common salt and 
water, and to the soda evolved, as the muriatic acid becomes free, 
the alkaline reaction of the blood may perhaps be attributed^ 
The stomach itself is supposed to be defended from the action of 
the corrosive acid by assuming a peculiar electric condition. In 
cases of sudden death, the stomach is often found corroded in 
consequence of the action of the acid on its fibres. Gastric 
juice acts powerfully in coagulating milk. 

The gastric juice obtained from the hjiman stomach has the 
following properties.* It is a clear and transparent fluid, in- 
odorous, with a saline taste, and distinctly acid properties. In 
taste, it is very like dilute mucilage, slightly acidulated with 
muriatic acid. In water, wine, or spirits, it is easily diffused, 
and occasions some effervescence with alkalis. Added to albu- 
men, it is precipitated. It resists the putrefactive process for 
a considerable length of time, and has the effect of retarding it 
in other animal matters. 

On analysis, it is found to contain muriatic and acetic acids 
in a free state, along with the phosphates and muriates of po- 
tassa, soda, magnesia and lime, and an animal matter, soluble in 
cold, but not in hot, water. > 

On mixing the gastric fluid with the saliva, a blue colour is 
observed, and it becomes frothy. The presence of this acid is 
only to be recognised when alimentary matter is introduced in- 
to the stomach, or when any mechanical irritant, such as stones, 
are allowed to act on the mucous membrane. It does not ap- 
pear to be generated during fasting, except in the cases referred 
to, where local irritations are applied to the stomach. When 
the stomach is empty, the secreted fluid scarcely displays any 
acid properties, and hence the incorrect inferences that were 
drawn, with regard to the nature of the real gastric fluid, from 
experiments made on the fluid procured from the stomachs of 
animals fasting. 

Recently, it is affirmed that the proper solvent in the gas- 
tric juice is not the acid, but that this results from the action of 
a particular digestive principle, to which the name of Pepsin 
has been given by the Germans. 

Eberle has ascertained that by digesting mucous membranes 

* Vide Beaumont's Observations or Muller’s Physiology, p. 617. 
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in dilute muriatic acid, a substance is obtained analogous in 
properties to the gastric juice, and consequently capable of 
Exerting the usual solvent effects on the different alimentary 
matters. 

On exposing the mucous membrane derived from the third 
and fourth stomachs of an ox, t9 the solvent action of water 
containing 2.75 per cent of muriatic acid for twenty-four hours, 
a fluid is procured after filtering, requiring about two per cent, 
of carbonate of potas^a to neutralize it. 

This fluid has the property of dissolving the white of an pgg 
(coagulated albumen), at a temperature of 99^° Fahrenheit, 
whereas simple diluted acids display no such property. By the 
action of the same fluid milk is coagulated, or caseum produced ; 
and the digestive fluid even seems to possess this power over 
milk, though its acid is saturated. 

2163. The gastric juice acting on the food produces a pulpy 

mass, termed chyme, from which, in the intestines, a milky 
fluid, the chyle, is absorbed ; this contains the nutritious matter 
derived from the food, and is conveyed to the heart, and thence 
to the lungs, where it acts with the air, and is converted into 
arterial blood. % 

2164. The insipid fluid formerly described by chemists as 
gastric juice, must be regarded perhaps as merely a portion of 
the salivary and pancreatic juices. 

2165. Bile is a greenish -yellow coloured fluid, generally ra- 
ther viscid, having a sweetish bitter taste and nauseous odour. 
It is heavier than water and alkaline. 

2166. Thenard regards the bile of the ox as a compound of 
about 7 parts of water and 1 of animal and saline matter, com- 
posed of — 


Picromel. 

Resin. • 

Yellow matter. 
Soda; 

Phosphate of soda. 


* Muriate of soda. 

Muriate of potassa. 
Sulphate of soda* 

Phosphate of Lime. 
Magnesia and oxide of iron. 


The saline matter constitutes a small proportion of the in- 
gredients. 

^iiolesterine, an odoriferous animal matter, and another pe- 
culiar animal matter, osmazome, gluten, cholic acid, and some 
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fatty substances, hatfe also been found in bile. In human bile, 
similar ingredients have been detected. 

2167. Picromel. — Solid, crystalline, soluble in alcohol and 
water ; taste sweet. Prepared from bile by precipitating sul- 
phuric acid and some other substances by acetate of lead, then 
adding subacetate of lead, the oxide falling with the picro- 
mel and resin. By hydrosulphuric acid acting on the precipi- 
tate suspended in water, sulphuret of lead is formed, being left 
undissolved along with the resin ; the picromel remains in solu- 
tion. 

2168. Cholic Acid is solid, crystalline, reddens litmus, and 
has a sweet taste. 

2169. Biliary Calculi are composed principally of choles- 
terine, and the colouring matter of the bile. Sometimes they 
contain no cholcsterine. 

2170. Cholesterine. — White, crystalline, with a pearly 
lustre. Melts at 278° ; does not form a soap with potassa. In- 
soluble in water ; dissolved abundantly by boiling alcohol ; spa- 
ringly soluble in cold alcohol. By the action of nitric acid, cho- 
lesteric acid is produced. 


8. Milk and Chyle. 

2171. Milk contains the following substances, of which the 
first, water, constitutes nearly 929 parts in 1000 : — 

Water. Muriate of potassa. 

Butter. Acetate of potassa. 

Caseous matter. Phosphate of potassa. 

Sugar of milk. Phosphate of lime. 

Lactic acid. Traces of iron. 

2172. Cream contains rather more than 3 per cent, of caseous 
matter, and 4 of butter, the rest being whey. 

2173. Whey consists principally of water, with small por- 
tions of animal matter, and a large quantity of a peculiar saccha- 
rine matter, called Sugar of Milk, which may be procured by 
evaporation. , 

2174. Butyiiink is the name given to an oily matter which 
is found in butter. 

2175. Caseous Matter is the curdy substance obtained from 
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milk coagulated by rennet, the infusion made by the action of 
water upon a portion of the stomach of the calf, which is powerful 
in coagulating milk. It always contains in this condition some 
foreign matter associated with it, being soluble in water when 
pure, and forming a mucilaginous solution. Sulphuric, nitric, 
muriatic, and other acids, alcohol* the infusion of galls, and a 
variety of other substances, coagulate milk by combining with 
the caseous matter. 

2176. Caseous matter is maintained by some chemists to 
contain two distinct principles, caseic acid, and caseous o^ide 
of aposEpidine. Others again regard it as approaching very 
nearly to coagulated albumen in its leading characters. 

2177. Chyle is the milky looking fluid taken up from the 
chyme. It approaches in its characters to blood, but has only 
a slight pink tint, and contains less solid matter. It forms a 
less firm crassamentum during coagulation, and from its serum 
a floceulent precipitate is obtained by heat, termed by Prout 
Incipient Albumen. The chyle of two dogs analyzed by him 
contained from 89 to 94 per cent, of water, the rest being fibrine, 
incipient albumen, albumen with a slight pink tint, and minute 
quantities of sugar, and oily and saline matters. 


8. Oleaginous and Fatty Substances. 

2178. These resemble much in all their leading characters 
the fixed oils of vegetables. Stearine, a principle analogous 
to the margarine of fixed vegetable oils, is found in most of 
them associated with variable proportions of oleine. Berard 
prepared a substance very similar to fat, by passing through a 
red hot tube a mixture of carbonic acid, carbureted hydrogen, 
and hydrogen. Dobereiner succeeded in producing an analogous 
compound with coal-gas and watery vapour. 

2179. Stearine is obtained^with facility in brilliant crystals 
when deposited from a hot ethereal solution. It is very solubld 
in hot ether, sparingly soluble in cold ether. It is also soluble in 
boiling alcohol. Melts at 129°. Prepared by boiling mutton 
suet in ether, after melting it to separate any membranous 
m«64&r, and removing the adhering solution from the crystals 
by bibulous paper ; this process is repeated with the crystals 
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several times. Similar processes may be adopted in preparing 
stearin e from other fatty matters. 

2180. When boiled with a solution of potassa or soda, it is 
resolved into stearic acid and glycerine. The stearic acid 
may be separated by neutralizing the alkali with sulphuric acid. 

2181. Margarine is the name given to another fatty matter 
very similar to stearine, but more soluble in ether, and melting 
at 117. It is procured by allowing the matter separated from 
the stearine (see 2179) to evaporate and prystallize spontane- 
ously. 

2182. Oleine is obtained by pressing lard in bibulous paper, 

to which it adheres. It is similar to that procured from vege- 
table substances. * * 

2183. Adipocire is the term applied to decomposed animal 
fibre resembling fatty substances. 

2184. Ambergris is considered to be a concretion produced 
in the stomach of the spermaceti whale. It is found floating on 
the sea coast of India and Africa. It consists principally of a 
peculiar fatty matter, called Ambreine, which resembles clio- 
lesterine. 

2185. Butyrine is the fatty mattey that produces butter. 

2186. Cholesterine. See Bile. 

2187. Dippel’s Oil is the name given to a thin limpid oil, the 
product of the destructive distillation of animal substances. 

2188. Fat, Hogslard, and Suet, are compounds of stearine 
and oleine in various proportions ; they melt at various tempe- 
ratures between 59° and 102°. The stearine and oleine differ 
often in the fat obtained from different animals. 

2189. Hircine is procured from the fat of the goat and 

sheep. * 

2190. Spermaceti is prepared from the fatty matter found 
in the head of the spermaceti whale. Solid, white, ^crystalline, 
insoluble in water, soluble in ether and alcohol. Melts at a 
temperature below 212°. It* is i^ually mixed with a little fluid 
oil, and is termed Cetine vsjhen purified by solution in boiling 
alcohol and crystallization. Ethal is a solid fatty matter which 
remains after the separation of margaric and oleic acids by boil- 
ing cetine with potassa or soda, so as to produce soap. 

2191. Spermaceti Oil is the fluid expressed from the futiy 
matter from which the spermaceti is obtained. 



584 MUCUS, PUS, &c\ — LACTIC AND FORMIC ACIDS 

2192. Train Oil is procured by heating blubber to 212°. 
Its offensive odour arises from decomposed animal matters which 
are mixed with it. 


10. Mucus, Pus, <fcc. — Lactic and Formic Acids. 

2193. Mucus. — The existence of a distinct prniciple to which 
this name has been applied is doubtful. The mucus described 
by Dr Bostock is soluble in hot and cold water, and does not 
gelatinize. Tannin and bichloride of mercury do not precipitate 
it. The mucus of the nose is rendered transparent by water, 
but not dissolved. It is dissolved by nitric acid, dilute sulphuric 
acid, and potassa. 

2194. Pus varies much in its qualities, according to the 
nature of the source from which it is produced. Healthy pus 
is a bland, thick fluid, apparently homogeneous, but composed 
of a thin transparent fluid, with opaque globules floating in it. 
Sp. gr. 1.030. Neutral, but becomes acid by the action of the 
air. Soluble in sulphuric, nitric, and muriatic acids, and in 
alkalis. Ammonia produces a gelatinous mass with it. 

The following are the principal tests which have been pro- 
posed for distinguishing pus from mucus : — 

Tests. Mucus. Pus. 

Mixed with an equal weight of does not gelatinize, produces a jelly, 
water, and then with an equal 
weight of a saturated solution 
of carbonate of potash 

Diffused through water, from a catarrh, it floats, precipitated. 

Dissolved in potassa, and ^ater not affected. precipitated, 

added, • 

• • 

Dissolved in sulphuric acid, and remains suspended in precipitated, 
water added. the^water, 

2195. Fluid of Serous Surfaces.— Composed principally 
of water, with small portions of albumen, mucus, and saline 
matter. The lymph which lubricates the cellular membrane is 
considered of analogous composition. Small portions of Lactic 
Aclp are also found in it. 
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11. Lactic and Formic Acids. 

These acids being more frequently referred to than any other 
acids derived from the animal kingdom, except the uric acid, a 
short notice of them is given in this place. 

2196. Lactic Acid has been found in most animal fluids, 
and in a number of vegetables. It was first obtained from sour 
milk, from which its name is derived. Its concentrated solution 
is syrupy, very acid, and can displace acetic acid from its com- 
binations. It is prepared by evaporating solutions containing 
it to a syrupy consistence, extracting the lactic acid by alcohol. 
By combination with oxide of zinc, separating it afterwards by 
baryta, and ultimately removing the baryta by sulphuric acid, 
it is obtained in a pure form. 

2197. Formic Acid. Syrnb. 0 3 C 2 H= oxygen 24+ carbon 12.24 
+ hydrogen 1. Eq. 37.24. The name given to the acid obtained 
from the acid liquid of ants. It may be formed artificially by 
distillation from tartaric acid mixed with diluted sulphuric acid 
and binoxide of manganese. It will be seen from the annexed 
diagram that it may be regarded a3 a compound of 2 eqs. of 
carbonic oxide and 1 of water, into which it is easily resolved 
by heating it cautiously with strong sulphuric acid. 


0 3 C a H 


Fig. 234. 

Hydrogen 1 9 Water. 

Carbon ... 6.12 . 

Carbon ... 6.12 

Oxygen . . 8 • 

Oxygen . . 8 .*.'::^ : V.v*14.12 Carbonic oxide. 

Oxygen . . 8 14. 12 Carbonic oxide. 

. Symb. O^H 1 = *11 & 2 C. 


Urine, Urea, Uric, Purpuric, and Cyanuric Acids. 

2198. Urine is a pale amber*coloured liquid. Sp. gr. 1.0224. 
It is generally acidulous at first, q,nd soon becomes alkaline. 
The following is Berzelius’s analysis of urine. Sp. gr. 1.0224, 

Water, ....... 933.00 

Urea, . . . . ... 30^0* 

Uric acid, ....... 1.00 
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Free lactic acid, and lactate of annnonia, with animal matter, 17.14 
Mucus of the bladder. 

Sulphate of potassa, 
soda, 

Phosphate of soda, .... 
ammonia, 

Muriate of Soda, . . • • • 

Ammonia, 

Earthy matters, with a trace of fluate of lime, 

Siliceous earth, .... 

Sulphur, phosphorus, and albumen, have also been detecte4 in 
minute proportions. Benzoic acid is found in the urine of young 
persons, and of graminivorous animals. 

In numerous cases of disease the urine is frequently very 
much altered. 

2199. Urea. Symb. 2 (H*OCN) = hydrogen 4 + oxygen 16 
+ carbon 12.24 + nitrogen 28.4. JSq. 60.64. Solid ; crystallizes in 
four-sided prisms ; sp. gr. 1.35 ; very soluble in water and alco- 
hol ; not acid nor alkaline. Decomposed quickly by heat, pro- 
ducing carbonate of ammonia and cyanuric acid. Decomposed 
quickly as it exists in urine ; but its solution in water, when 
pure, is not speedily decomposed. 

2200. With nitric acid it forms a sparingly soluble crystalline 
compound. This acid is accordingly employed to detect urea. 

2201. Preparation. Evaporate urine to the consistence of a 
syrup. When cold, add gradually nitric acid (free from nitrous) 
till a dark crystallized mass is formed, composed principally of 
nitric acid and urea. Wash it repeatedly with cold water, and 
dry by pressure between folds of bibulous paper. Dissolve car- 
bonate of potassa in three parts of water ; add the solution till 
the nitric acid is neutralized ; evaporate the solution, that the 
nitrate of potassa may Crystallize on cooling. • Mix the drainings 
from the crystals, which contain urea in solution, with animal 
charcoal, so as to produce a thick paste. After six or eight 
hours add cold water to extract the urea, thus freed from colour- 
ing matter. Filter, and evaporate the solution to dryness. Boil 
the urea in alcohol, then After, and crystallize. 

2202. Urea is formed also when water is heated with cyanate 
of ammonia, one eq. of water with one of cyanate of ammonia 
con&A&iing the same elements in the same proportion. The 


0.32 

3.71 

3.16 

2.94 

1.65 

4.45 

1.50 

1.0 

0.03 
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diagram shews the relation that urea and the aqueous cyanate 
of ammonia bear to each other. 


t Hydrogen... j 


Fig. 235. 


2 Carbon 12.24\ 

Urea... *t_. a 14.2. 

14.2 
8 

8 . 


2 Nitrogen . . . 
2 Oxygen 


17.2 Ammonia. 

9 Water. 


— ' x 34*44 Cyanic Acid. 


8ymb. 2 H*CNO = H + -C*N + NH\ 

The aqueous cyanate of ammonia is supposed to be in solution. 


2203. By examining the ’changes symbolically, and with the 
aid of a diagram, the production of carbonate of ammonia by the 
action of water with urea may be easily seen. The two eqs. of 
carbonate are supposed to be in solution. 


Urea. 


Water.... 


2 Oxygen 16 ,-22.12 Carbonic Acid. 

2 Carbon j 6 22.12 Carbonic Acid. 

2 Nitrogen... j / 

4 Hydrogen... ® 17 ‘ 2 Ammonia,. 

_ * 1 X 

2 Oxygen 16/ 

2 Hydrogen 2 17.2 Ammonia. 

Symb. 2-H & 2 IUCNO = 2 (:C + NH 3 ). 


^2204. The symbol of Uric or Lithic Acid is 0 5 C 6 H*N* = 
0.24 + C.36-72 + H.2 + N.28-4. Eq. 91.12. It is white when 
pure r but generally of a brownish colour, tasteless, inodorous, 
insoluble in alcohol. 10,000 parts of cold water are required 
for its solution. It reddens litmus feebly, is expelled from its 
salts by carbonic acid, bxft, if boiled with carbonates, it expels 
carbonic acid. • 

2205. Purpuric Acid is particularly distinguished by the 
brilliant-coloured purple compounds which it forms with several 
of the salifiable bases. It is formed in*combination with ammonia 
by the action of nitric and uric acids. 

2206. Cya*!uric Acid, called also Pyrouric Acid, is formed 

when uric acid is heated, or by the action of chlorine on dilleijftnt 
compounds containing cyanogen and water. Urea also may be 
made to produce this acid. Symb. 0 , C*HN. # 
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2207. The decomposition of uric by nitric acid, is a much 
more complicated subject than was previously suspected. The 
following is a very general summary of the new compounds dis- 
covered by Wohler and Liebig, whose elaborate paper on the 
uric acid may be seen in a very recent number of the Annales 
de Chimie et de Physique. 

Uric acid is decomposed by diluted nitric acid, producing car- 
bonic acid and nitrogen, and leaving nitrate of ammonia, along 
with alloxantine, urea, and free nitric acid. 

By heating the solution, the alloxantine is changed 'into 
alloxane, taking oxygen from the nitric acid. 

One part of the alloxane is resolved, by the nitric acid, into 
oxalic and parabanic acid. 

Another part is changed into oxaluric acid, and part of this 
is resolved into urea and oxalic acid. 

By neutralizing the solution with ammonia, a great variety of 
changes may be observed, the precise nature of which is much 
influenced by relative quantities of alloxantine and alloxane 
which the solution may previously have contained. 

2208. Allantoine is similar to the allantoic acid, and is pro- 
duced, according to Wohlfer and Liebig, when uric acid is boiled 
with binoxide of lead, urea, oxalic acid, and carbonic acid being 
formed at the same time. It is termed Allantoine instead of 
Allantoic Acid, as it is not now considered to possess the pro- 
perties of an acid. 

Oxaluric Acid is considered as a compound of the same ele- 
ments as oxalic acid, and urea. 

Alloxane may be regarded as a compound of allantoine and 
oxalic acid. 

Alloxantine is one of the products formed by the action of 
nitric acid on uric acid, or by the action of sulphureted-hydrogen 
on alloxane. . 

Thionuric Acid is formed by the action of sulphurous acid 
with ammonia and alloxane. 

Uramile is produced oji boiling thionuric acid, or the thio- 
nurate of ammonia, with sulphuric and muriatic acids. 

Dialuric Acid has been produced from alloxane, by depriving 
the latter of a portion of oxygen. 

Parabanic Acid is formed when nitric acid is moderately 
concentrate*^, and is heated with uric acid. 
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Allox anic Acid is formed when ailoxane is brought in con- 
tact with different salifiable bases. 

Murexidk is the term applied to the purpurate of ammonia 
of Prout, and is produced by the action of ammonia on ailoxane 
and alloxantine formed by nitric acid acting on uric acid. 

Murexane is obtained by dissolving murexide in a solution 
of caustic potassa, and precipitating by the addition of diluted 
sulphuric acid. 

The Mesoxalic, Mycomelic, and Ursynilic acids, are the 
terms applied to three other acids, also discovered by Wohler 
and Liebig. 

2209. The urine is subject to an extreme variety of changes 
in consequence of disease. Sometimes the watery portion, and 
on other occasions the solids, abound ; and very frequently some 
ingredient is accumulated in excess, or a vitiated secretion in- 
duced, containing ingredients which are not found in healthy 
urine. Hence its appearance, odour, and specific gravity, are 
subject to great changes, which are often much increased by the 
* presence of blood, pus, sediments, mucus, albumen, and other 
animal matters, mingled occasionally with fragments of calculi. 
Several instances have also been recorded in which the urine 
was noticed to be luminous when voided in the dark, a property 
attributed to the presence of free phosphorus. 

£210. Sugar is found in considerable quantity in the urine 
of individuals affected with diabetes ; 6 per cent, of sugar may 
often be procured from it. Professor Kane obtained a still 
larger quantity. 

2211. Albumen is often found in large quantity in the urine 

of individuals affected with some varieties of dropsy, coagulat- 
ing when exposed to heat, or by the action of acids, like the se- 
rum of the blood. In some cases it has coagulated even within 
the bladder. 9 

2212. Urea is sometimes found in excess in urine. Dr Prout 
states, that, when this is the case, nitric acid added in an equal 
bulk to a few drops of urine in a watch-glass, produces a crys- 
talline precipitate of nitrated urea m half an hour. Healthy 
urine produces it more slowly. It is not absent in diabetic 
urine, as was at one time supposed. 

2213. In some diseases of the liver, the urine becomes ftnged 
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with bile, and has a deeper yellowish tint than usual. Muri- 
atic acid produces a green tint in urine charged with bile. 

2214. In calculous affections the urine deposits various con- 
cretions of a stony looking matter, the more important of which 
are referred to in the succeeding paragraph. 


Experiments Illustrating the Method of Examining the most import- 
ant varieties of Calculi. 

2215. * Cut one or two biliary calculi into small pieces, tritu- 
rate them in a mortar, and boil them for ten minutes in a test 
tube or small flask, with twenty 'times their bulk of alcohol. 
On filtering the solution, a clear and colourless liquid is usually 
obtained, which deposits pearly looking crystals of Choleste- 
kine as it cools. If the solution be very strong, a layer of cho- 
lesterine will be left upon the paper by the alcohol as it passes 
through, and on drying the filter and bending it backwards, it 
may be detached in the solid form, still retaining the figure of 1 
the filter on which it had collected, and having the appearance 
of a fine membrane with «a pearly lustre. Some biliary calculi 
contain little or no cholesterine, but in general they consist en- 
tirely or principally of this substance. 

2216. In preparing cholesterine from biliary calculi, it is ne- 
cessary to filter the solution as speedily as possible, as this sub- 
stance is very sparingly soluble in cold alcohol, and a great 
portion of it is deposited on the filter in operating with small 
quantities, if this precaution be not attended to. 

2217. Reduce a portion of a Uric Acid calculus to powder, 
and digest it in a diluted solution of potassa. Urate of potassa 
is soon formed and remains in solution, while any earthy phos- 
phates that may have been mixed with it remain undissolvcd. 

2218. Filter .the solution of urate of potassa prepared in the 
manner described in the preceding paragraph, and add an acid 
to it as long as any precipitation takes place. The acid com- 
bines with the potassa, and uric acid is precipitated. 

2219. Mix some uric and nitric acids, and expose the mixture 
to a gentle heat till it becomes dry, taking care not to allow the 
temperature to become so high as to decompose the products ; 
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a solid mass is obtained of a deep red colour. When a very 
small quantity of materials is employed, so as to leave only a 
very thin pellicle on the surface of the glass on which it is 
heated, it has a bright pink colour. 

2220. Expose a small piece of an uric acid calculus to heat in 
a platinum spoon held in ttye flame of a spirit-lamp ; it soon 
blackens and emits a fetid odour, and in a short time it entirely 
disappears, when composed of nothing but uric acid ; in gene- 
ral, however, an ash-coloured matter remains, composed of some 
of .the saline substances, that form the basis of a number of 
other calculi, and occur in variable proportions in the* uric acid 
calculus. 

2221. The Urate of Ammonia calculus is comparatively 

rare ; and till lately the formation of calculi of this kind was 
disputed. It may be easily distinguished from the uric acid 
calculus, however, when not mixed with a large quantity of 
uric acid, by its greater solubility in water, its clay colour, the 
ammoniacal odour which is exhaled when it is gently heated 
with a strong solution of potassa, and its solubility in solutions 
of the carbonates of potassa and soda, which do not dissolve pure 
uric acid. # 

2222. The Oxalate of Lime, or mulberry calculus, is in 
general easily known by its rough tuberculated surface, and its 
chemical composition may be easily proved by a few simple ex- 
periments. 

2223. Expose a portion of this calculus to heat over a spirit- 
lamp, holding it in the flame till nothing remains but a grey- 
coloured ash ; it becomes black at first, and the residue will be 
found to be composed of carbonate of lime, dissolving with ef- 
fervescence in hydrochloric acid, and forming a solution of hy- 
drochlorate of lime, with which the experiments described in 
887, page 258, may be performed, after neutralizing any excess 
of acid by an alkali. 

2224. Place another portion of this calculus on a piece of 

charcoal, and expose it to a strong heat before the flame of the 
blowpipe ; nothing will remain buf caustic lime, which slakes 
in the usual manner, renders turmeric paper brown, and paper 
tinged with the blue infusion of cabbage green, on rubbing it 
on them with a little water. % m 

2225. Reduce a portion of the Phosphate of Lime or Bone 
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Earth calculus to powder, and digest it in diluted nitric or hy- 
drochloric acid. In a short time it is completely dissolved, and 
if the acid be neutralized by an alkali, it is again .precipitated. 
It is not soluble in cold acetic acid. 

2226. Expose another portion of this calculus to heat before 
the flame of the blowpipe ; it soon % becomes black from the de- 
composition of a little animal matter with which it is always 
mixed, and the separation of part of the carbon ; this is soon 
burned off, however, and nothing remains but the phosphate of 
lime of a pure white colour, which does not suffer farther change 
by any ordinary heat to which it may be exposed. 

2227. Digest another portion of this calculus in a solution of 
potassa after reducing it to powder ; if it consist solely of 
phosphate of lime, no reaction takes place, phosphate of lime 
being insoluble in a solution of potassa ; but if any uric acid 
should have been mixed with it, urate of potassa is found in 
the solution, from which the uric acid may be precipitated by 
an acid. 

2228. Uric acid may be detected also in calculi composed 
principally of phosphate of lime, by evaporating its solution in 
nitric acid to dryness in th^manner described in 2219, when the 
characteristic red tint appears, though only a very minute quan- 
tity of this substance should have been present in the calculus. 
There are few urinary calculi which do not give traces of uric 
acid when treated in this manner, whatever may be the ingre- 
dient of which they are principally composed. 

2229. If the phosphate of lime calculus be treated with aque- 
ous sulphuric acid in* the manner described under phosphorus 
and its compounds, phosphorus or phosphoric acid may be pro- 
cured from it. 

r 2230. When the calbulus is supposed to consist of Phos- 
phate of Ammonia and Magnesia, this may be easily ascer- 
tained by 'heating a portiofl in a solution of caustic potassa after 
reducing it to powder, when ammonia is disengaged, the phos- 
phoric acid in combination with it uniting with the potassa ; and 
by treating another portion Vith cold acetic acid, the phosphate 
of ammonia and magnesia is dissolved, leaving the greater por- 
tion of any phosphate of lime that may have been mixed with 

it. eg. 

2231. When the calculus is composed of a mixture of phos- 
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pliate of ammonia and magnesia and phosphate of lime, it fuses 
readily before the blowpipe, and hence it is usually termed the 
Fusible Calculus. 

2232. Mr Venables has lately confirmed the existence of 
another variety of urinary calculi not hitherto noticed in this 
country ; the specimens he procured were in the form of a 
Siliceous Gravel. The presence of # silica was clearly proved 
by the chemical examination, being insoluble in nitric or hydro- 
chloric acid, not affected by the heat of the blowpipe when freed 
from adhering saline matter, but undergoing a semifusion along 
with them into a scoriapeous mass, and fusing readily with the 
fixed alkalis into a vitreous* ^globule ; if three times its weight 
of carbonate of potassa be employed, the globule, when boiled 
with water, gives a solution of silicated potassa, from which the 
silica is precipi^ted by a solution of muriate of ammonia. With 
some of the grains it is easy to scratch glass . — Quarterly Journal 
of Science for 1829, vol. vi. 

The Cystic Oxide and Xantiiic Oxide calculi are so rare, 
that few students can expect to have an opportunity of operat- 
ing with them. 

2233. The Cystic Oxide calculus iS easily distinguished from 
all the preceding varieties of calculi by its solubility in solutions 
of acids, alkalis, alkaline carbonates, and in lime water ; it is 
also completely decomposed by heat, being composed of the 
usual elements of animal matter. 

2234. The Xanthic Oxide calculus is distinguished by the 
lemon yellow coloured residue that is left^en exposing its solu- 
tion in nitric acid to heat.* 

The Fibrinous Calculus is still more rare than either of the 
preceding, and is composed entirely of fihrine. 

2235. Carbonate of Lime has also been found, though rarely, 
in urinary calculi ; in some cases neady pure, and occasionally 
mixed with other substances. 


pp 
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PART II. 

* 

GENERAL PRINCIPLES OF CHEMISTRY. 


2236. The term matter is applied to every thing that occu- 

pies space, and is attracted by the earth. All such substances 
have weight ; and, when the quantity is small, it can be retained 
or confined in vessels for an indefinite period. But one or more 
kinds of matter, of a much more subtle and penetrating nature, 
are also believed to exist, though, of this, no direct proof has 
hitherto been given, it being considered that the phenomena of 
light, heat, electricity, and magnetism, are explained most satis- 
factorily on this hypothesis. Such matter, if it do exist, has no 
appreciable weight, neither can it be retained or confined for 
any length of time in vessels. It is the former alone that is un- 
derstood at present, viz., matter of a more palpable nature, such 
as can be easily recognised by the senses, or, at least, made 
manifest by instruments, should it be thin and invisible like the 
air. * v 

2237. Matter is presented to our notice in four very different 
conditions at the surface of the globe, viz., in the solid, liquid, 
gaseous, and vesicular form. Air is a specimen of matter in the 
thin and attenuated condition in which it is called a gas or va- 
pour ; and, in clouds , we have a good illustration of matter in 
the form of vesicular vapour. The condition of matter is acci- 
dental, and .dependent on the relation of each individual sub- 
stance to heat, and, in the vesicular form, probably also to elec- 
tricity. Thus, water is familiar in the solid, liquid, gaseous 
(steam), and vesicular form. 

2238. No matter with which man is acquainted is devoid of 
hgatand electricity, neither is it known what form or bulk, or 
change in its condition, might ensue, were it deprived entirely 
of either, or of both. 
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2239. Matter is known only by its properties. These are 
divided into primary and secondary properties. The Primary 
Properties of matter may be observed in all bodies, viz., Ex- 
tension, Impenetrability, and Indestructibility. Matter 
is essentially extended, or occupies space. One portion does not 
allow another to occupy the same space it does at the same mo- 
ment ; there may be displacement, but there is no actual pene- . 
tration. Nor is any portion ever destroyed, though a change of 
arrangement and appearance may take place. Matter is also 
said* to have inertia, and to be equally incapable of sponta- 
neously originating motion, or arresting itself when in motion. 

2240. The Secondary Properties of matter are general 
or particular. The former may be observed in all kinds of 
matter, as the power of attraction or repulsion ; but the latter 
vary indefinitely in each particular substance, forming the spe- 
cial characters by which 5ne kind of matter is distinguished 
from another, as in form, colour, texture, hardness, &c. 

2241. All matter, apparently inert or quiescent, is retained 
in its present position by powers of attraction, which bind, it 
more or less to the materials upon which it rests. All matter 
in motion has this motion regulated l5y various attractive forces 
operating upon it ; but, in particular circumstances, a repulsive 
movement is determined, and matter separates from matter. All 
changes induced in matter arise from the operation of powers 
of attraction and repulsion, acting either separately or con- 
jointly. 

*2242. Attraction operating between masses of matter is termed 
Gravitation. Exerted between particles of the same kind of 
matter, in the nearest possible contact, it is called Cohesion, or 
the Attraction of Aggregation; and* when it operates be- 
tween particles of different kinds of matter, also as near as pos- 
sible. it is denominated Chemical Attraction or Affinity.* 

2243. The Weight of bodies depends upon their being 
attracted to the earth. The Density or Specific Weight of 
any body is the peculiar density or *weight it may have when 
that is contrasted with the weight of an equal bulk of some well 
known substaiice taken as a standard of comparison. 

* This term was introduced, on the supposition formerly maintained, fcTiat 
those bodies only attracted each other chemically which had some resemblance 
to each other. 
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2244. All masses of matter are composed of particles or atoms 
so small, that millions of them are contained in a single grain. 
How far any mass must be subdivided before we arrive at these 
primitive particles, has not been ascertained. They possess all 
the essential properties of matter, and are not mere mathemati- 
cal points, as was at one time maintained. None has ever been 
seen by itself, in consequence of their extreme. minuteness ; and 
they are considered indivisible, not from any direct demon- 
stration that this is actually the case, but from numerous facts, 
more especially those that relate to the proportions in which 
bodies combine. Tt will be seen, then, that it is essential to 
distinguish between mathematical divisibility, which these atoms 
may have in common with all other matter, and physical indivi- 
sibility, or the power of resisting any attempt that may be made 
to break them into smaller parts, a property which belongs exclu- 
sively to them, and is not met with ih masses of matter, however 
great the cohesion may be. 

2245. Divisibility, accordingly, is not correctly designated 
a property of matter, but rather a property of masses of matter. 

2246. Porosity, also, is more properly termed a property of 
masses of matter, the pores existing between the particles of 
which they are composed. 

2247. Compressibility, in the same manner, refers to masses 
of matter. Gases are much more compressible than solids or 
liquids. Elasticity is the power a body has in recovering its 
former shapef bulk, or position, when the compressing power is 
removed. Elastic solids, subjected to great compression, are 
often so altered in their texture, as not to recover entirely their 
original shape and form when the compressing cause is removed. 
But this is not the case w 7 ith liquids and gases. 

2248. Polarity indicates a disposition in the particles of mat- 
ter to nlove, or be attracted, or cohere to others by certain parts 
or poles, instead of forming a confused mass ; and hence the 
regularity and order which is every where observed when the 
particles of matter have free liberty of motion, and are not pre- 
vented by any rude mechanical force from obeying those move- 
ments which their polarity induces, when placed in circumstances 
f^yovrable for its action. 
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I. Chemical Action. 

2J49. Matter, considered chemically, is either simple or com- 
pound. Iron is termed a simple substance or an element, be- 
cause, do what we may with it, nothing can be extracted from 
it but iron. But iron-pyrites is a compound, as, however homo- 
geneous it may appear, it can be resolved into iron and sulphur. 

2250. Compounds contain two or more elements ; and, when 
several compounds are separated from a more complicated com- 
bination, they are usually termed Proximate Piuncipj.es. Ul- 
timate Principles are the elements of which proximate prin- 
ciples are composed. • • 

2251. An Integrant Particle is the smallest portion, viz., 
an atom of any element or compound. The elementary particles 
in compound atoms are often termed Component or CoNsrf- 
tuent Particles. 

2252. All chemical action consists in the more intimate union 
of particles of matter previously brought into the nearest pos- 
sible contact by mixture, or in the separation of those thalf'inay 
have previously been attached to ea^li other. Combination or 
Synthesis are the terms employed to denote the union of differ- 
ent kinds of particles, and Decomposition or Analysis to ex- 
press their separation. 

2253. No chemical action can ensue where the materials are 
not brought into the nearest possible contact. 

2254. All bodies are believed to attract each other chemically, 
but not with equal force ; and the particles? of some kinds of mat- 
ter appear to have more attraction for each other than for the 
particles of other kinds of matter. 

2255. Neither does chemical attraction operate with the same 
force at all times between the same substances, being modified 
by the circumstances under which 'they may be presented to 
each other, especially by the action of heat, light, and electricity. 
Again, chemical action is much influenced in some cases by pe- 
culiar powers, forces, or arrangements, whose mode of action is 
by no means, well understood, and where the introduction of a 
third substance promotes or induces great changes which would 
not otherwise take place, though it does not appear to fce igensi- 
bly affected ; as, when hydrogen gas is directed upon spongy 
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platinum, air or oxygen being also present, the hydrogen acts on 
oxygen and is inflamed, although the platinum is in no way 
affected. Many powders which are very porous, and can con- 
dense gases, present this property in a remarkable degree.^ 

2256. Were chemical attraction to operate equally between 
all substances, all the elements of which the globe is composed 
would rush into a mass, where no Variety of form would adorn 
the face of Nature. The distinctions of the animal, vegetable, and 
mineral kingdoms, would disappear from the face of the earth. 

2257. In chemical Action, great variety may be observed., in 
the constitution of the product formed, according to the nature 
of the particles coming into play, as in the following illustrations. 

1. One element may combine with another. Sulphur and 
iron form sulphuret of iron. 

2. Two or more compounds may enter into combination. 
Sulphuric acid and oxide of iron form sulphate of iron. 

3. An element and a compound may combine. Iodine com- 
bines with water. . 

4. A compound may be resolved into two elements. Red 
oxidt of mercury is resolved by heat into oxygen and mercury. 

5. Two compounds may ]t)e separated. In decomposing lime- 
stone by heat (burning it according to the popular term) car- 
bonic acid, a compound of carbon and oxygen, leaves lime, a com- 
pound of calcium and oxygen. 

6. An element may be liberated from other materials which 

may remain in combination. As when oxygen is separated 
from chlorate of potassa, chlorine and potassium are left in 
combination. 4 

2258. Chemical action is often complicated in a greater de- 
gree by the production of one compound frequently accompa- 
nying the decompositioh of another ; and also by successive 
combinations and decomposition depen&ent on those which may 
have ensued at first. Hehce chemical action is said to be di- 
rect or secondary. It is direct or primary, when it takes 
place between materials which act upon each other in the con- 
dition in which they are mhfgled. It is called indirect or se- 
condary when it arises from the products of a first reaction 
producing a second, or from one of the products of the first ac- 
tion JncKicing another by its action on part of the materials in 
the condition in which they were originally employed. 
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CHAPTER I.— PHENOMENA OP CHEMICAL ACTION. 


2259. The particles or atoms between which chemical action 
ensues being so exceedingly minute, that they are invisible to 
man, even when assisted with the most powerful instruments 
hitherto constructed, it is only from the phenomena of chemical 
action and the change of properties that ensues, that we are as 
sured of those changes which may actually have taken, place. 

2260. Change of properties in the substances affected is the 
most characteristic sign of* chemical action. This is often ac- 
companied by more transient phenomena, as the evolution of 
heat, and light, and electrical changes. When the characteris- 
tic properties of the combining bodies are lost in the new com- 
pound, it is called neutral, and the component parts are said 
to have neutralized or saturated each other. A body is 
also said to be saturated with another, when it does not en- 
ter into combination with any more. Changes in the fornf (in 
the solid, liquid, or gaseous forms}, colour, density, power of 
attraction for other bodies, and in relation to light, heat, elec- 
tricity, and magnetism, are continually presenting themselves in 
chemical action. 

2261. When substances possessing any property in common 
combine chemically, the compound formed frequently presents 
this property also, and often ii^a more eminent degree than 
either separately. Thus, metals in combining do not lose their 
metallic form. Hydrogen and phosphorus, both of which are 
inflammable, produce a compound which is inflamed so easily 
that it burns spontaneously at natural* temperatures, when it 
comes in contact with the air. 

2262. A solid thrown down from* a gas or from a liquid is 
said to be precipitated. Effervescence is the rapid evolu- 
tion of a gas from a liquid. Solution refers to the union of 
any substance with a liquid or gas* disappearing in them in the 
same manner as when sugar is dissolved in water. 



600 


FORCE OF AFFINITY. 


CHAPTER II.— FORCE OF AFFINITY. 


2263. The force with which the particles of different sub- 
stances act upon each other is extremely great, being sufficient 
to disintegrate the most cohesive solids, and separate their par- 
ticles individually from each other. Hitherto, however, no 
method of ascertaining the precise amount of force exerted .has 
been pointed out ; neither is a superiority of affinity exerted by 
any substance to another, in any particular case, an indication 
that it will possess this superiority equally in all other cases. 
Thus, if the relative strength of attraction of lime for carbonic 
acid, and of potassa for carbonic acid, be estimated by their mu- 
tual action at ordinary temperatures, lime is superior to potassa, 
as it then removes the carbonic acid from potassa. But if lime 
and potassa be both combined with carbonic acid and exposed 
separately to a red heat, then the lime appears inferior in its 
power of action with carbonic acid, losing it entirely at that 
temperature, while it is regained by the potassa. 

2264. When any substance leaves another with which it may 
have been combined, and attaches itself to a third, this is termed 
in the language of Bergman, a case of single elective affi- 
nity. But when two compounds mutually decompose each 
other, an exchange of principles taking place, and two new 
compounds being at the sam^. time produced, this is termed a 
case of DOUBLE ELECTIVE AFFINITY, Or of DOUBLE DECOMPOSI- 
TION. 

2265. The affinities tending to retain matters in their pre- 
vious state of combination are termed quiescent affinities. 
Those, again, that tend to produce new compounds are named 
divellent affinities. 

2266. By bringing different affinities into operation at the 
same moment, combinations and decompositions may be effect- 
ed which cannot be produced by any of them alone. Thus, if 
A attract B with a force equal to 10, C, also attracting A, can- 
not withdraw it from B, operating only with a force of 9. 
Neither can D separate B (for which it has an affinity of 8) 
from A, A and B being united with a force equal to 10. But 
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if the compound C D, whose elements, A D, are united with a 
force equal to 4, be brought in action upon A B, a decomposi- 
tion immediately ensues, the divellent overpowering the qui- 
escent affinities, and the two new compounds A + C and B + D 
are formed. 


Quiescent Affinities . 

a + b=io{£ 

C + D= <jg 


DireUent Affinities. 
^A+C=9 

^B+ # D = 8 


14 


17 


CHAPTER III.— CAUSES WHICH MODIFY AFFINITY. 


2267. Affinity was considered by Bergman as an invariable 
force. Berthollet had the merit of pointing out that it is modi- 
fied by a great variety of circumstances, the more important of 
which are the following, excluding at present, the consideration 
of the influence of light, heat, and electricity, which will be 
attended to under these respective subjects. 


Sect. I. — Quantity of Matter. 

2268. The chemical action of bodies is necessarily in the ra- 
tio of the strength of affinity exerted, and the quantity brought 
into action. But the increase to an indefinite extent of the 
quantity of any substance added to a limited portion of another, 
does not necessarily increase its chemical agency ; for, when it 
exceeds a certain portion, any excess m^y be beyond tha sphere 
of chemical action, and never come into play upon the smaller 
portion of matter to be affected. 

2269. The admixture of various proportions of the same in- 
gredients often determines the production of very different pri- 
mary or secondary combinations. 

2270. The larger the amount of any substance combinec^with 
another, the more easily is a portion removed. The smaller tffe 
amount of any body combined with another, the greater the fa- 
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cility with which an additional quantity may be made to enter 
into combination. 


Sect. II. — Cohesion, State of Combination, Elasticity, 
Insolubility, Specific Gravity. 

2271. By Cohesion the particles of masses are retained to- 
gether. It is, therefore, an obstacle to combination, and hence, 
by grinding, rasping and pulverizing, solution and all other 
operations which tend to overcome cohesion, chemical action is 
often greatly facilitated. 

2272. State of Combination. ' This has a most important 
influence on chemical action. Bodies vary much in their dis- 
position to affect others according to the condition they may 
have acquired. Occasionally they acquired the power of com- 
bining with bodies for which they had no attraction. In other 
cases, they lose the property of affecting particular substances 
which they may previously have possessed. 

2273. Elasticity. The elasticity of bodies affects much 
their tendency to combination, compounds being frequently 
formed when this is increased or reduced which cannot be formed 
under other circumstances. 

2274. An elastic or gaseous substance evolved in any operation 
being generally removed as it is disengaged, does not tend to 
produce any secondary reaction by accumulating as the decom- 
position advances ip consequence of which it is eliminated. 

2275. The history of chemical action under increased and 
diminished pressure, has hitherto received comparatively little 
attention. But since, the important experiments performed by 
Sir James Hall upon the fusion of marble under pressure, and 
the artificial formation Qf coal, it has always been a subject of 
great interest* The more recent experiments of Faraday on 
the condensation of the gases, along with the proposal for em- 
ploying condensed carbolic acid as a moving power, have di- 
rected an increasing attention to the investigations connected 
with the influence of elasticity upon chemical action. 

2$T6. The specific gravity of bodies, by affecting their 
mobility, influences chemical action. Thus a solid at the bottom 
of a liquid affecting it, in many cases, soon becomes covered 
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with a saturated solution, whose density may prevent farther 
changes. But if the same solid be suspended in the upper 
portion of the liquid, the dense solution formed around it con- 
tinually subsiding, a fresh surface is constantly exposed to a 
fresh portion of fluid, and a more complete and rapid action 
ensues. The specific gravity of the materials used in chemical 
operations requires constant attention in orcjgr to bring them to 
a successful result. 

2277. Insolubility. An insoluble compound formed around 
a solid subjected to the action of any chemical agent, often 
arrests entirely the progress of the decomposition. If it be 
removed mechanically, the chemical action is renewed. Again, 
insoluble substances separated ’from any solution are removed 
comparatively from the sphere of action, and not so apt to exert 
a secondary action upon any of the new compounds. 


CHAP. IV.— PROPORTIONS IN WHICH BODIES 
COMBINE. 


Sect. I. — Doctrine of Definite Proportions or Chemical 
Equivalents. 

2278. Since the existence of chemistry as a science, no 
principle has been pointed out so broadly connected with the 
whole range of its investigations, as the law of combination in 
definite proportions. It embodies not only some of the most 
brilliant discoveries, but also many of the piost useful practical 
applications of the science,, and has enabled the accumulated 
mass of facts which it now embraces to J>e reduced to a eompa- 
ratively systematic form. 

2279. It is not, therefore, surprising that it should have ef- 
fected a very important change in the character of the science, 
and been so assiduously cultivated by the chemists of the pre- 
sent day. Little more, indeed, than thirty years have elapsed 
since Mr Dalton, made known his views of chemical condona- 
tion, and though they were blended with certain speculations 
regarding the atoms or ultimate particles of matter, which have 
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not in all their extent been so generally admitted, they now 
form the basis of the principles of chemical science. 

2280. Dr Thomson was the first who explained publicly Mr 
Dalton's views of chemical combination, and Dr Wollaston's 
and Dr Thomson's experiments on the composition of some salts 
of oxalic acid and potassa led chemists to examine them with 
attention. Dr WoUaston founded on them his scale of chemical 
equivalents, and it is to it, in a great measure, as Dr Thomson 
has remarked, that owe the general adoption of the views of 
Mr Dalton in Great Britain. It is one of those happy inven- 
tions, \Vliich, by a singular felicity of adaptation, condenses in 
one view a vast mass of information, and illustrates with un- 
common simplicity and precision *$ome of the most fundamental 
laws of chemical action. To the practical chemist it is quite 
invaluable — saving him a multiplicity of calculations, which 
otherwise must engross a large portion of his time ; and, from 
the present state of chemistry, it is highly useful and interesting 
to the student, exhibiting, in the most striking manner, many 
of the most important relations of the science.* 

2281. Combination in Definite proportions is the term gene- 
rally employed to express the laws implied in Mr Dalton’s 
Atomic theory, and the facts connected with it which were 
previously known. It includes three propositions, each of which 
may be stated by itself. 

2282. The first of these propositions is, — Substances that com - 
bflte chemically , combine in general in certain fixed proportions . 
Thus, 35.5 parts t by weight of chlorine combine with 1 of 
hydrogen, but these bodies do not combine in any other pro- 
portions. 

2283. There are many substances which can combine in more 

than one proportion, but no combination intermediate between 
these can be effected, as will be noticed more fully afterwards. 
The only compounds which mercury and oxygen form with each 
other, are in the proportion of 203 parts of the former with 8 or 
16 of the latter. c 

2284. We cannot pass over this proposition, however, with- 

* Wollaston’s scale is much employed by practical chemists, where frequent 
^Imitations are required, as by it, the rule of three is performed mechani- 
cally by merely shifting a slide, according to the explanations which accom- 
pany it. 
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out alluding to the well known fact, that there are many cases 
where the combining substances can unite apparently in any 
proportion. This is very well exemplified in the case of water 
and alcohol, or water and sulphuric acid, and also in the forma- 
tion of various kinds of glass and metallic alloys. These have 
been regarded by some cherfdsts as directly opposed to the 
doctrine of definite proportions, but they have not usually been 
viewed in this light ; and the apparent combination of these 
different bodies in unlimited proportions, is now generally con- 
sidered as depending on the combination of a few definite com- 
pounds with each other. 

2285. The second proposition may be stated in the following 
manner — When any two substances are each of them combined with 
the same weight of a third substance, and the relative weights of 
those two substances to the third ascertained by analysis , then , if 
those two substances be taken in the proportion thus ascertained , and 
made to combine with each other , they enter into accurate combina- 
tion without any redundancy of either ingredient . For instance, 
1 part of hydrogen by weight combines with 6.12 parts of 
carbon and with 8 parts of oxygen, both by weight. Agreeably, 
therefore, to the above proposition, 6/12 parts of carbon should 
enter into accurate combination with 8 parts of oxygen. Ac- 
cordingly, the truth of this proposition is confirmed by experi- 
ments made on purpose to ascertain the fact. In general, 
therefore, it may be stated, that the proportion in which any 
two substances combine is accurately measured by the numbers 
expressing the quantities in which each of 4;hem combines with 
a given weight of a third substance. 

2286. As this is an extremely important law, we subjoin the 
following table, which will place it perhaps in a more conspi- 
cuous point of view. • 

» • 

Olefiant Gas consists of Hydrogen 1 +6.12 Carbon. 


Water Hydrogen 1 +8 Oxygen. 

Carbonic Oxide Carbon 6.12 + 8 Oxygen. 


Here we observe the remarkable fact that carbon and oxygen 
unite together in the very same proportion in which they com- 
bine with hydrogen, and the same law extends through&it the 


l 
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whole series of chemical combinations.* Thus, 16.1 parts by 
weight of sulphur combine with 1 of hydrogen. Accordingly, 
we presume that the same quantity of sulphur will combine 
with 8 of oxygen ; for, as we have already seen, 8 parts of the 
latter unite with 1 of hydrogen. On the same principle we in- 
fer that 35.5 parts of chlorine will combine with 8 of oxygen, 
both combining with the same quantity, viz. 1 part of hy- 
drogen. 

2287. In this manner, the combining quantities of the diffe- 
rent elements and their compounds are determined. And If we 
take any one of them as a standard of comparison, and number 
the rest in relation to it, we shall be able to perceive at one 
glance the proportions in which different bodies combine with 
it, and also with each other. For, according to the law we 
have been illustrating, both combine together in the same pro- 
portion in which they combine with a given weight of a third 
substance. 

2288. In drawing up tables representing the different propor- 
tions in which bodies combine together, any substance may be 
taken as a standard of comparison. If hydrogen be adopted for 
this purpose, and the proportion in which it enters into com- 
bination be taken as unity, the following numbers express the 
proportions in which the different substances, whose names are 
written opposite to them, enter into combination with 1 part by 


weight of hydrogen. 

^ Hydrogen 1 

Carbon 6.12 

Oxygen 8 

Nitrogen 14.2 

Sulphur 16.1 

Chlorixe 36.6 

Potassium .« 39.2 


2289.* A single glance, then, of a table constructed in this 
manner communicates much information, as it shews not merely 
the proportions of the different substances placed below hydro- 
gen which combine with a given weight of this element, but 

* It must be kept in mind that this law applies only to the first combina- 
tion which different bodies form with each other when they unite in more 
than o«e proportion. The reason of this will be easily understood when wc 
have considered the next proposition. 



OF CHEMICAL EQUIVALENTS. 


607 


also the proportions in which these bodies unite with each 
other. By studying the following table, which shews some of 
the combinations of the different substances in the preceding 
list, and comparing them together, the beginner will soon be- 
come familiar with the practical application of the law we have 
now explained. 

Name* of Compound*. Component Part*. 

7.12 Hydruret of Carbon, Hydrogen 1 + 6.12 Carbon. 

9 Water, Hydrogen *1 + 8 Oxygen. 

VJ.\ Sulphureted Hydrogen, Hydrogen 1+16.1 Sulphur. 

36.5 Hydrochloric Acid, Hydrogen 1+35.5 Chloriho. 

14.12 Oxide of Carbon, Oxygen 8+ 6.12 Carbon. 

22.2 Oxide of Nitrogen, Oxygen 8 + 14.2 Nitrogen. 

43.5 Oxide of Chlorine, Oxygen 8 + 35.5 Chlorine. 

47.2 Oxide of Potassium, Oxygen 8+39.2 Potassium. 

65.3 Sulphuret of Potassium, Sulphur 16.1 + 39.2 Potassium. 

74.7 Chloride of Potassium, Chlorine 35.5+39.2 Potassium. 

Here also it will be observed that the numbers representing 
these compounds are formed by adding the numbers of the ele- 
mentary substances of which they are composed. Water, for 
example, is represented by the number 9, being composed of 
8 of oxygen and 1 of hydrogen ; chlofide of potassium by 74.7, 
consisting of 35.5 of chlorine and 39.2 of potassium. 

2290. Dr Wollaston introduced the term Chemical Equiva- 
lent to express the number representing the proportion in which 
bodies combine, and many others are frequently employed for 
the same purpose, as atomic weight or atom, combining weijjht, 
combining quantity, prime number, proportional, Sec. 

2291. Different chemists have introduced different standards 
of comparison in drawing up their tables of chemical equiva- 
lents ; oxygen, for example, being, at the present moment, re- 
presented by the different numbers, 8, 1, 10, 100. Dr Wollas- 
ton assumed oxygen as a standard of comparison in his* scale of 
chemical equivalents, and represented it by the number 10. 

2292. We now come to the third proposition included in 
the doctrine of Definite Proportions, viz. — When one body com- 
bine* with another in more than one definite proportion , the quantity 
of one of them in the diffei'ent combinations , is found to be double, 
triple , or some simple multiple of the smallest proportion in which it 
enters into combination with the other substance . For example, flif 
5 parts of A be the smallest quantity which can combine with 
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100 of B, 10 is the next, and so on in succession, as in the fol- 
lowing table : — 

The First combination consists of A 5 4 100 B 


... Second A 10 4 100 B 

... Third A 15 4 100 B 

. . . Fourth A 20 4 100 B, &c. 


2293 . We shall now give a few examples illustrating the na- 
ture of this law. 

* 

Carbonic Oxide consists of Oxygen 8 -f- 6.12 Carbon. 

Carbonic Acid, Oxygen 16 + 6.12 Carbon. 

Oxide of Mercury,... "Oxy’gen 8 + 203 Mercury. 

Peroxide of Mercury, Oxygon 16 + 203 Mercury. 

Chloride of Mercury, Chlorine 35 5 + 203 Mercury. 

Bichloride of Mercury, Chlorine 71 + 203 Mercury. 

Nitrous Oxide, Oxygeu 8 +14.2 Nitrogen, 

Nitric Oxide, Oxygen 16 + 14.2 Nitrogen. 

Hyponitrous Acid, -.Oxygen 24 +14.2 Nitrogen. 

Nitrous Acid, Oxygen 32 +14.2 Nitrogen. 

- Nitric Acid, Oxygen 40 + 1 *- 2 Nitrogen. 

2294. Many more examples might have been given, but these' 
are quite sufficient to shew the nature of this law. We must re 
mark, however, that in drawing up a table of che mi cal equiva- 
lents, or in consulting it fo** the purpose of ascertaining the 
proportions in which different bodies combine, or their compo- 
sition, the student must take ca^e to observe whether the com- 
pound consist of one equivalent of one substance united with 
one, or with two, or more of another ; this can only be done by 
a reference to a list of equivalent numbers, or by a knowledge 
of the various compounds which different substances form with 
each otl^er. 

2295. There are no data by which the equivalent numbers 
of elementary substances can be determined, by reference to a 
single combination in which they may be united with another 
substance, whose equivalent number has been already ascer- 
tained. ^ We must compare the proportions in which they com- 
binewith equivalent quantities of some other substances, or 
agfcertain the different proportions in 1 which they combine with 
a given weight of any individual element. Thus, if we exa- 
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mine the composition of corrosive sublimate, we shall find that 
71 of chlorine are there combined with 203 of mercury, and, 
if no other compound of chlorine werevknown, while previous 
experiments had assured us tha£203 represented the equivalent 
of mercury, we should then consider 71 as the proper equiva- 
lent number to represent chlorine. But, as it has been ascer- 
tained that 203 of mercury can combine with 35.5 of chlorine, 
and that the same quantity of this substance (35.5 parts) enters 
into combination with equivalent quantities of other substances, 
as 8. of oxygen, 39.2 of pofassium, 1 hydrogen, &c. ; and far- 
ther, that when it deviates from this proportion, any increase 
in the quantity of the chlorine may be represented by a simple 
multiple of 35.5, as 71 (= 35. "5 x 2) ; or, that the quantity of 
chlorine being fixed, the other elementary substance increases 
in a ratio expressed by some multiple of its equivalent number, 
as in the peroxide of chlorine, where 32 parts of oxygen (8x4) 
are unitedfwith 35.5 of chlorine, — then we conclude that 35.5 is 
the proper equivalent number for chlorine, and that corrosive 
sublimate^must be regarded as a compound' of 2 equivalents of 
chlorine (35.5x2 = 71) and 1 of mercury. 


Sect. II. — Atomic Theory. 

2296. The propositions stated in the preceding section, are 
not founded on any theoretical assumotions ; their accuracy has 
been proved by experiment, and they must be received accord- 
ingly as matters of fact, totally independent of any hypothesis 
that may be proposed to account for them. 

2297. No one will be inclined to believe that laws so im- 
portant in their nature, and so extensive in their application, 
are the mere result of chance ; they must depend on spme cir- 
cumstances connected with the primary constitution of matter. 
And, as Mr Dalton proposed an explanation of these laws, 
which is ow considered so satisfactory that it has been adopt- 
ed by the greater number of chemists, it will not be uninte- 
resting to trace as shortly as possible the principle on %vhieh it 

is founded. . ^ 

2298. There are few points in physical science that ha?e 
been more frequently discussed than the extent to which mat- 

* q 
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ter is capable of being divided. According to one opinion, it 

was believed that the division could be carried to an indefinite 
length, and that there was no portion of matter, however small, 
that could not be reduced to still smaller portions, which were 
capable of being subdivided as before. Or to express it in the 
language generally employed, matter was regarded as being in- 
finitely divisible. 

2299. Others, again, maintained that all masses of matter are 
composed of atoms qr particles which are in themselves indivi- 
sible, and Newton, who was among flic more distinguished advo- 
cates of this opinion, considered it probable, “ that the Author 
of Nature in the beginning formed matter in solid, massy, hard, 
impenetrable particles, of such l sfzes and figures as most con- 
duced to the end for which he created them, and that these pri- 
mitive particles are incomparably harder than any porous solids 
composed of them, so hard as never to wear away or break in 
pieces, no ordinary power being able to divide what had been 
made one in the first creation.” 

2300. •Such, indeed, is the view that is generally taken of 
this question at the present day, and it is supported by an im- 
mense mass of facts which have been discovered by the re- 
searches of modern chemists, the evidence of which appears to 
be quite convincing, and as strong, perhaps, as it is possible for 
us to have on a point which does not admit of any direct phy- 
sical demonstration. 

2301. These ultimate particles, then, or atoms, are regarded 
as having all the essential properties of matter, and are far 
from being mere mathematical points, as was at one time 
imagined, in which case they would not differ from space itself, 
as Professor Robison, long ago, so justly observed. And, as 
a large iron-ball may be accurately measured, and have lines 
traced fin its surface, dividing it into various compartments, 
though nothing short of a very powerful mechanical force could 
separate these divisions from each other, so, in the same manner, 
it is obvious, that these ultimate particles or atoms, possessing 
length, breadth, and thickness, would be capable of being mea- 
sured, and divisible by us also in a mathematical point of view, 
were our sense of vision sufficiently acute, and our instruments 
df investigation of a corresponding delicacy, though no force 
to which man can subject them, or to which they can ever be 
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exposed in the ordinary course of events, can reduce them to 
smaller parts. 

2302. It is reasonable to suppose, also, that these ultimate 
particles may differ as much in weight, as the masses which they 
compose differ in specific gravity, and other properties. 

2303. If, then, several elementary substances should be suc- 
cessively presented to each other under circumstances favourable 
for their combination, and combine atom to atom, they will ne- 
cessarily unite together in proportions wl^ich will have a fixed 
and .definite relation to eaclT other. 

2304. For, to take an example, if the relative weight of the 
ultimate particles of the following substances be correctly repre- 
sented by the numbers affixdd’to them, 


Hydrogen 1 

Carbon 6.12 

Oxygen 8 

Sulphur 16. 1 

Chlorine *35. 5 


then, whenever hydrogen and carbon combine particle to particle, 
they will unite by weight in the ratio of 1 to 6.12, for these are 
the corresponding weights of their atoms. For the same reason, 

8 of oxygen will combine with 1 of hydrogen, and with 6.12 
of carbon. 

16.1 of sulphur, with 1 of hydrogen, with 6.12 of carbon, and 
with 8 of oxygen. 

35.5 of chlorine, with 1 of hydrogen, with 6.12 of carbon, with 
8 of oxygen, and with 16.1 of sulphur. 

And thus, when a new substance is discovered, and the pro- 
portion in which it combines with any one of these substances 
ascertained, this becomes also the term expressing the quantity 
of it Vhich combine all with the corresponding proportions of 
all other bodies. . 

2305. It will also be observed, that tke same relation must be 
maintained whether a few or many millions of particles of matter 
come into play, for each particle of the one combining substance 
will always attach itself to a corresponding particle of the other. 
Thus, when o tie particle of hydrogen weighing 1 combines with 
one particle of oxygen weighing 8, these bodies unite together 
in the same relative proportion as when a thousand particles»of 
hydrogen weighing 1000, unite with one thousand particles of 
oxygen weighing 8000 — 1 : 8 : : 1000 : 8000. 



<>12 ATOMIC THEORY. 

2306. Hence, then, as a relation has been found to exist in the 
proportion in which masses of matter combine, (See Proposition 
II.)» such as has just been explained in regard to their particles, 
it must lead us to the conclusion that all bodies are composed 
of atoms or ultimate particles, whose union with each other in 
the manner described is the cause of the law found to regulate 
the proportions in which they combine ; and though we may 
never be able to tell the exact weight of any single particle, nor 
the number of particles in any individual mass, still, when we 
compare the proportions in which bodies enter into combination, 
we count, according to Mr Dalton’s views, the united weights 
of a given number of the particles of one kind of matter, which 
combine with a corresponding number of particles of other sub- 
stances, and consequently these numbers must express the rela- 
tive weights of the particles themselves. 

2307. We can also perceive, adopting this atomic view of the 
constitution of matter, why there still should be a relation be- 
tween the quantities in which bodies combine, when they are 
capable of uniting in several fixed or definite proportions. If 
we find that a particle of any one substance can combine with 
more than one particle <*f another, then, supposing the first 
quantity to be fixed, the proportion in which the other enters 
into combination must be exactly double, triple, or some other 
simple multiple of the smallest quantity that exists in the first 
combination. For whatever increase there may be in the pro- 
portion of this substance, it must always take place particle by 
particle. No smaller or intermediate quantity can enter into 
combination. Nor could it indeed be procured, for, according 
to the definition, these particles are indivisible. 

2308. While the general accuracy of the propositions con- 
nected with the atomic theory of Dalton has been universally 
admitted, still there are many who consider that we are not 
yet sufficiently -informed as to the constitution of matter to be 
enabled to affirm that each individual atom which is to us as 
an indivisible particle of matter, may not consist of groups of 
atoms of still smaller dimensions. Still, however, so long as 
they enter into distinct and definite combinations only in 
certain fixed proportions, and are separated again in the same 
m&nner, they perform all the functions of an indivisible atom, 
whatever speculations may be entered into as to their precise 
constitution. 
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Sect. III. — Theory of Volumes. 


2309. An interesting discovery was made by Gay-Lussac 
with regard to the combination of gases. He found that when 
they unite together, the bulk of the one always bears a simple 
ratio to the bulk of the other. Thus one measure of chlorine 
combines with an equal bulk of hydrogen, half a measure of 
oxygen combines with one of hydrogen a^d one of nitrogen ; 
one measure of nitrogen again combines with three of hydrogen. 
It will also be obvious, that when they combine in more than 
one proportion, the quantity of the combining substances is in- 
creased by some simple multi^l'e of the smallest quantity of it 
which enters into the first combination ; a proposition which 
flows, indeed, from the laws already illustrated, though establish- 
ed experimentally independent of it. These general laws have 
received the appellation of the Theory of Volumes, and they 
agree strictly with the Doctrine of Definite Proportions, as will 
be seen in the following table : 


Oxygen, 

Hydrogen, 

Chlorine, 


Volume. Atomic weight. 

a . . 8 

□ . . 1 

□ . 35.6 


Here, the first column represents the proportion in which 
these different gases combine with each other by volume, while 
the second represents their chemical equivalents by weight. It 
is obvious, therefore, that the numbers in tlje last column in- 
dicate the comparative weight of the volumes of the different 
gases in the first column, and that half a volume of oxygen 
unites with one of hydrogen, and one of # chlorine, in the first 
combination which it forms with these bodies, while hydrogen 
will combine with an equal volume of ^chlorine. These obser- 
vations shew the necessary connexion that Exists between the 
theory of volumes and the equivalents of different substances 
by weight ; and the student will find jLt important to study this 
subject in operating with gases. A number of tables have been 
drawn up, in which the composition of all the gases by weight 
and by volume are expressed in figures, which may be con^lted 
with great advantage. In the table which follows, the compo- 
sition of a number of important compounds is stated with their 
equivalents both by weight and by volume, according to the 
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most recent investigations which have been greatly extended, since 
Gay-Lussac first directed his attention to the subject, particularly 
by Mitscherlich, who has pointed out several substances whose 
equivalents by volume vary more than those which had been 
previously examined. 

2310. Table of Gaseous Substances . 


JL 


s 

Gases and Vapours. 

Equiva- 
lents by 
bulk. 

— i 

Equiva- 
lents by 
weight. 

Symbol. 

Numbrr of 
eqj. which 
express the 
sp.«r. Hy- 
drogen— 1. 

Oxygen, (half a measure) 

a 

8 

0 

2 

Sulphur, (a third of a measure) 

« i 

16.1 

s 

3 

Phosphorus, 

□ 

15.7 

p 

2 

Arsenic, 

a 

37-7 

As 

2 

Arsenious Acid, 

□ 

99.4 

0 3 As* 

2 

ITydruret of Carbon, 

□ 

7 

HC 

2 

Hydrogen, (a whole measure) 

□ 

1 

II 

1 

Water, 

a 

9 

OH 

1 

Nitrogen, 

□ 

14.2 

N 

1 

Oxide of Nitrogen, 

□ 

22.2 

ON 

1 

Carbon (hypothetical), A 

n 

6.12 

C 

1 

Carbonic Oxide, 

□ 

14.12 

OC 

1 

Carbonic Acid, 

□ 

22.12 

o 2 c 

l 

Bihydruret of Carbon, 

n 

8.12 

H*C 

1 

Cyanogen, 

□ 

26.44 

C*N 

1 

Sulphurous Acid, 

□ 

32.1 

o 2 s 

1 

Sulphuric Acid (anhydrous), 

n 

40.1 

o 3 s 

1 

Ilydrosulphuric Acid, 

□ 

17.1 

IIS 

BBIH 

Chlorine, 

□ 

35.5 

Cl 


Iodine, 

□ 

126.5 

I 


Bromine, 

□ 

78.4 

Br 

Hb 

Binoxide of Nitrogen, (C measures) 

□n 

30.2 

0 2 N 

4 

Ammonia, 


17.2 

I1 3 N 

4 

Hydrocyanic Acid, 

□□ 

27.44 

HC 2 N 

4 

Hydrochloric Acid,.!*. 

ro 

30.5 

HC1 

4 

Hydriodic Acid, 

□□ 

127.5 

HI 

4 

ITydrobromic Acid, 

m 

79.4 

HBr 

4 

Arsenuratcd Hydrogen, ! 

m 

78.4 

H 3 As* 

4 

Mercury, 

□□ 

203 

Hg 

4 

Chloride of Mercuiy, 

m 

238.5 

ClHg 

4 

Bichloride of Mercury, * 

m 

274. 

Cl*Hg 

* 

Atmospheric Air, .. 

EEb 

36.4 

•N* 

1 







ISOMERISM AMD ISOMORPHISM. 


615 


2310. Others of less importance have also been examined, or 
the sulphuret, bromide and bibromide, and the biniodide of mer- 
cury, and some more compounds of arsenic, 


Sect. IV. Isomerism and Isomorphism. 


2311. The above termsfthave been introduced to embody the 
facts connected with the relations of Isomeric and Isomorphous 
substances. 

2312. Of late years, it has been shewn that the sgmie ele- 
ments united in the same ratios may produce very different 
compounds, according to the Planner in which they are united, 
and such compounds are said to be Isomeric, being composed 
of the same parts (/<ro<r equal and ptgoa a part). When the atomic 
weight of the compounds is the same, they are called more es- 
pecially Metameric compounds. But when the atomic weight 
is different, they are said to be Polymeric. Thus AB + CD, 
and AC + CD are isomeric. But AB + CD and 2 (AB + CD), 
each formula representing a single equivalent, are polymeric. 

2313. Isomorphous Bodies are substances which are sup- 
posed to have essentially the same form (/tro* equal and fiogyri 
form), as they can mutually replace each other in combinations, 
without any change of form taking place. In such compounds, 
accordingly, one ingredient can be taken away, and replaced by 
another which is isomorphous with it, the form of the compound 
being still the same. 

2314. Gay-Lussac discovered the isomorphous properties of 
different crystalline substances ; and Mitschcrlich has greatly 
extended this important subject. 

2315. The following group is taken from his researches.* 


I Group. 

Silver. 

Gold. 

II. 

Arsenious Acid (dimorphous). 
Protoxide of Antimony. 

' III. 

Alumina. 

Peroxide of Iron. 


Peroxide of Chromium. 
Peroxide of Manganese. 

IY. 

Phosphoric Acid. 
Arsenic Acid. 

V. 

Sulphuric Acid. 

Selenic Acid. 

Chromic Acid. 


From Liebig’s First Elements. 
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Mangaxiesic Acid. 

Lime (in arragonite). 

* VI. 

Peroxide of Lead. 

Permangnnesic Acid. 

X. 

Perchloric Acid. 

Lime. 

VII. 

Magnesia. 

Salts of Potash. 

Protoxide of Iron. 

Salts of Ammonia with 1 atom of water Protoxide of Manganese. 

VIII. 

Oxide of Zinc. 

Oxide of Silver. 

Oxide of Nickel. 

Soda. 

Oxide of Cobalt. 

IX. 

Oxide of Copper. 

Baryta. * 

Strontiu. 

Oxide of Lead (in plumbocalcite.)^ 


2316/ The great practical points to be attended to in con- 
nection with the doctrine of isomorphism, are included in the 
following propositions. 

1. Isomorphous elements produce compounds haying similar 
forms, where each enter into combination with the same num- 
ber of atoms of the same bodies, these being also arranged in 
the same way. 

2. Isomorphous compounds are inferred to have a similar 
composition, and the atoms are considered to be arranged in the 
same manner in each. 

2317. Considerable di Acuity is still experienced as to the 
action of minute quantities of matter in some combinations, 
where it may not exceed a Toj^th part of the other ingredients, 
and still produces the most marked effect upon the characters 
of the compounds. No satisfactory explanation has yet been 
offered, but some electrical action is suspected to be induced. 


Sect. V. Explanation of a New System of Diagrams for 
FACILITATING THE STUDY OF CHEMISTRY. 

2318. In examining the chemical relations of different sub- 
stances, it will facilitate greatly the progress of the beginner to 
represent by diagrams, and in equivalent numbers, the changes 
that take place in all the more complicated cases of chemical 
action. 

2319. Diagrams for this purpose were first employed by Dr 
Cullen, and afterwards by Bergman, since which they have 
begn vfcry frequently used by succeeding chemists. When the 
doctrine of definite proportions began to be generally under- 
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stood, and a series of equivalent numbers had been arranged; a 
corresponding system of notation was soon afterwards intro- 
duced, the proportion of materials employed in different'opera- 
tions, and of the resulting products, being also expressed in 
equivalent numbers. 

2320. In following out this plan, it appeared to me that a 
series of diagrams, better^adapted to the present state of the 
science, could be constructed. The names of the substances that 
react on each other, and the numbers representing the necessary 
proportions, are placed on the left, one above the other. When 
any of these are compounds which are decomposed, brackets pro- 
ceeding from them enclose the names of the elements or proxi- 
mate principles of which they* consist. Lines are traced from 
the numbers representing the quantities of each of these sub- 
stances, drawing them from the left to the right. Those that 
proceed from the different elements, or compounds that com- 
bine together, terminate in a common point, and opposite these, 
towards the right, are placed the names of the products, and 
their quantities. The annexed figure represents the decompo- 
sition that takes place during the preparation of muriatic acid 
gas, according to this plan. • 


Fig. 230. 

Substances Decomposed. Component Parts. 


49.1 Aqueous Sul- 
phuric Acid, 

60 Chloride of So- 
dium, 


{ 

{ 


Hydrogen 1 
Oxygen... 8 
Dry Acid.. 40.1 
Chlorine... 35.5 



Sodium.... 23.5. 


Resulting Products. 

36.5 Hydrochloric Acid Gas. 


71.6 Sulphate of Soda. 


2321. The decomposition of nitrate of ammonia by heat, when 
it is resolved into oxide of nitrogen and water, may be shewn 
in the following manner : — , 


Before Decomposition . 


54.2 Nitric Acid, 


• Fig. 237. 
Elementary Composition. 

( Oxygen... 8 — 

Oxygen... 8- 

Oxygen. . . 8 V 
Oxygen... 

Oxygen... 


After Decomposition. 

-22.2 Oxide of Nitrogen. 

no a J ~ xt.'i 


22.2 Oxide of Nitrogen. 

8,Vy'» 

V N itrogen.. 14.2 . y\ ' 

I Nitrogen.. 14.2/ '\\ \ 

Hydrogen 1 9 Water, 

Hydrogen 1 -Vs- 9 Water. 

Hydrogen 1 9 Water. 


7M 


71.4 Nitrate of Ammonia,. 


71.4 
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4322. When a number of equivalents of one element react 
upon one or more of another, the manner in which they are ex- 
pressed may be frequently contracted with advantage. Thus, 
in the preparation of sulphurous acid by the action of metallic 
mercury on sulphuric acid, we may express the composition of 
the latter, and the production of the sulphurous acid, in either 
of the following ways. 

♦ 

Fig. 238. 

O' 

I Sulphur 16.1 - 32.1 Sulphurous Acid. , 

Oxygon 8 

Oxygen 8 . 8 Oxygen withdrawn by the 

« „ Mercury. 


2 . 

40.1 Sulphuric f Sulphurous Acid 32.1 32.1 Sulphurous Acid. 

Acid ( Oxygen 8 8 Oxygen withdrawn, &c. 


2323. These diagrams may be rendered still more useful by 
changing the character of the line, so as to express the different 
conditions in which the products of any reaction are obtained. 
When they are gaseous, the lines may be dotted, as in those 
pointing to hydrochloric hcid gas and oxide of nitrogen in the 
first two diagrams. When they are liquid, or retained in solu- 
tion, lines composed of many smaller lines may be made to indi- 
cate this circumstance, as in those pointing to the quantity of 
water produced during the preparation of the oxide of nitrogen. 
And whep any substance is obtained in the solid form, a plain 
line may be used. , 

2324. The great advantage, then, of these diagrams is, that in 
studying them, the eye at once presents to the mind a group of 
facts, which would otherwise require a very long statement, 
while the facts are represented in ^ clearer manner than by a 
mere verbal description. # The attention of the student is at the 
same time more forcibly arrested. A more distinct impression 
is made upon his mind, and he can afterwards recall it by a 
single glance, when studyipg or conducting chemical operations. 
Diagrams constructed in the manner I have described are appli- 
cable in all cases of chemical action, and the following brief sum- 
mary ^hews the different circumstances which they may be made 
t<? express in every process or experiment which they are em- 
pldfed to illustrate. 
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1. The names and quantities of the different materials that 
are used. 

2. Their composition, and the relative quantities of their com- 
ponent parts. 

3. The manner in which they arrange themselves during the 
reaction that takes place. 

4. The names and the quantities of the resulting products. 

5. The condition in which the Afferent products are obtained, 
whether solid, liquid, or gaseous, as indif ated by the character 
of the lines. 

6. The condition of the substances that are employed might 
also be expressed by some mark prefixed to their names, or in the 
case of compound substances* which are decomposed, #y having 
the lines of which the brackets are composed formed in the man- 
ner described in a preceding paragraph (2323) ; or, types of a dif- 
ferent character might be used in printing their names, accord- 
ing as they might be solid, liquid, or gaseous. 


Sect. VI. — Chemical Nomenclature. 

• m 

2325. Chemistry has extended so much of late years, and so 
many anomalies have crept into its nomenclature, that the whole 
subject demands revision, and to be adapted to the present state 
of science. 

2326. The names of elements are usually derived from some 
of their more characteristic properties. 

2327. The terms Binary, Ternary, Quaternary Com- 
pounds, &c., refer in this work to the number of elements or 
proximate principles in a compound, not to the number of atoms. 

2328- In binary compounds of oxygen, chlorine, iodine, bro- 
mine, and fluorine, which are not acid, the name of the qompound 
ter m inates in ide, as in oxide of zinc, chloride of mercury, and 
iodide of lead. A similar termination is given to cyanogen, 
though some give it the terminating syllables uret. 

2329. In binary compounds of all other substances, the name 
terminates ill uret, as in hydruret of carbon, sulphuret of iron, 

potassiuret of antimony. % 

2330. The number of atoms in the first element or proximate 
principle mentioned in any compound, is usually indicated«t>y a 
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Latin numeral, as bis, ter, quater, &c., and the number of 
atoms in the second by a Greek numeral, as dis, tris, tetrakis. 
No prefixture is made when the compound consists of 1 atom of 
each ingredient, except where this is emphatically referred to, 
when it is termed a proto-compound. 

2331. To the rules in the preceding paragraph there are many 
exceptions. Thus protoxide and deutoxide are familiarly used 
as substitutes for oxide and bifJoxide. 

2332. Deutoxide is frequently used to signify a compound 
of three atoms of oxygen with two of metal, as in the deutoxide 
of manganese, and deutoxide of lead ; but the term sesqui is now 
more frequently preferred in such cases. 

2333. *#he prefixture per indicates an oxide containing the 
largest quantity of oxygen that can exist in any oxide formed of 
the same materials. 

2334. Oxacids are acids containing oxygen, and the relative 
number of atoms of oxygen, where different acids are produced 
by the same element with this substance, are indicated by the 
prefixtures or by the termination of the name. 

2335. Ic generally indicates the compound with most oxygen, 

as in sulphuric acid. c 

2336. Ous indicates a smaller quantity of oxygen, as in sul- 
phurous acid. ^ 

2337. Hypo indicates a smaller quantity of oxygen than is 
found in compounds to yhose name it is prefixed, as in hyposul- 
phuric acid and hyposulphurous acid. 

2338. Sub is occasionally employed to denote an intermediate 
degree of oxidation, as in subsulphurous acid, which contains less 
than sulphurous, but more than hyposulphurous acid, according 
to Dr Thomson. 

2339. Per is used where acids have, been discovered contain- 

ing still iQore oxygen than those whose names terminate in ic, 
as perchloric acid. * 

2340. Hyper where a still larger quantity is observed. 

2341. Hydracids are acids containing hydrogen ; their names 
are also made to terminate in ic, as hydriodic acid, composed of 
hydrogen and iodine. 

2342. ^ Aqueous is a term now coming into veary general use 
in designating definite combinations with water ; the word Hy- 
drate has long been employed for the same purpose : a prefix- 



CHEMICAL NOMENCLATURE. 


621 


ture is made when there is more than one atom, as in binaqueous, 
terhydrate. 

2343. Alcoates are definite compounds of alcohol and various 
saline substances ; they were discovered by Professor Graham. 

2344. Sesqui is a prefixture applied not only to oxides, but 
also to other compounds where two atoms of one substance are 
united with three of another, as in the sesqui-carbonate of soda, 
where two .of soda are united witlf three atoms of carbonic acid 
All such combinations may be considered/as constituted of two 
compounds, in one of which the ingredients are combined atom 
to atom, and in th? other in the proportion of two to one. In 
the example quoted, the sesqui-carbonate of soda may be re- 
garded as a compound of the* carbonate and bicarbonate of soda. 
The term Hemi has been proposed by Mr Lunn as a prefixture 
in similar cases. 

2345. The term Salt is applied to a very extensive range of 
compounds, where acids are combined with oxides or other com- 
pounds having similar properties, as ammonia. The oxide, am- 
monia, or other substance united with the acid, is called a base, 
or SALIFIABLE BASE. 

2346. The names of salts are composed of*the names of the 

acid and base. * 

2347. Ate is the terminating syl^ble given in such cases to 
the name of an acid ending in ic, as in sulphate of potassa, com- 
posed of sulphuric acid and the base potassa. 

2348. Ite is the terminating syllable when the name of the 
acid ends in ous, as in sulphite of potassa, which consists of sul- 
phurous acid and potassa. 

2349. A supersalt indicates that the properties of the acid 
predominate, without reference to the precise composition, as in 
the supertartrate of potass^. 

2350. A subsalt indicates that the qualities of the base pre- 
dominate, as in the sub-borate of soda. 

2351. A neutral salt expresses that the compound has none 
of the characteristic properties either of the acid or base, as in 
the sulphate of potassa ; the term neutral is often omitted. 

2352. The three last prefixtures being used only in a general 

sense, other teriijs are necessary to express the precise constitu- 
tion of saline combinations. # 

2353. No prefixture is in general made when the salt is 
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composed of one atom of acid and one of base, the latter being 
composed of one atom of metal and one of oxygen, if it be an 
oxidated metal. The term proto, however, is occasionally pre- 
fixed to express this more specifically, as in protosulphate of iron 
for sulphate of iron. 

2354. In salts of the common metals, the name of the metal 
is substituted for the name of the base, where there is but one 
atom of oxygen united with one of metal, as in sulphate of iron, 
which is more correctly termed sulphate of th# oxide of iron. 

2355. Bis, Ter, Quater, &c. are prefixed where 2, 3, or 4 
atoms of acid are combined with 1 of base, H in the bisulphatc 
of soda, and quadrisulphate of potassa. 

2856. Dis, This, Tetrakis, &c. are prefixed where 1 atom 
of acid is united with 2, 3, 4, or more atoms of base, as in the 
dichromate of lead, and trisnitrate of bismuth. 

2357. A double prefixture is necessary, when there is 
more than 1 atom of oxygen in the base, as well as an unequal 
number of atoms of acid and base, as in the bipersulphate of 
mercury, where hi expresses 2 atoms of acid, and per that the 
mercury is in the form of a peroxide. It may also be termed 
still more precisely bisulphate of binoxide of mercury. 

2358. Double Salts arc compounds where one salt is com- 
bined with another, as in^e tartrate of potassa and soda, re- 
garded as a compound of tartrate of potassa and tartrate of soda. 
The term Triple Salt is also applied to such combinations, the 
name being derived from the three different ingredients present. 

2359. Haloid S-^lts differ much in their composition from 
the preceding substances ; the term is applied to compounds of 
the metals with bodies such as chlorine, iodine, bromine, fluo- 
rine, and cyanogen ; but not to compounds containing oxygen 
and sulphur. The term is derived ft;om a\g, salt, and e/dog, form, 
as tlmy are similar in constitution to common salt. 

2360. Haloid salts can combine with different acids, oxides, 
common salts, and also with each other. 

2361. Sulpho Salts include a series of compounds which 
have been particularly attended to only of late years ; they con- 
sist of compounds, both of which contain sulphur. Compounds 
of hyrlrogen, carbon, gr metals with sulphur, *wlien combined 
tfhtli other compounds formed of metals and sulphur, constitute 
this group of salts. In the common salts, a large proportion of 
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which contain oxygen, this element is found both in the acid 
and in the base ; thus, in the phosphate of soda, it is associated 
with phosphorus in phosphoric acid, and with sodium in the 
soda ; and hence such combinations arc termed Oxy-Salts. In 
the sulpho-salts, sulphur plays the same part, forming with one 
element an acid, and with the other a salifiable base. 

2362. Ammoniurets are compounds containing ammonia and 
salifiable bases, or other substances not acid. 

2363. The pr^fixture ammoniaco , or ajnmonia , is frequently 
put before salts, where this substance has been added in suf- 
ficient quantity to^ombine both with the acid and the base. 

2364. The following view of the nomenclature of several 
compounds, will shew the sysfem of nomenclature proposed by 
Dr Hope, founded upon the suggestion of Dr Thomson, that 
the Greek adverbial numerals should be employed in designa- 
ting the number of eqs. of base, and the Latin in expressing 
the number of eqs. of acid. In the Encyclopaedia Metropolita- 
na, some interesting details will also be found in reference to 
chemical nomenclature. 

Dr Hope has also proposed that the interweaving of the 
Greek and Latin numerals in the sanfc word should be avoided, 
and that the prefixtures of proto, per, sub, and super, should be 
discontinued, as equally unnecessary and apt to lead to a con- 
fusion of terms. Were these proposals generally adopted, they 
would certainly simplify much the present state of chemical no- 
menclature. 


TABLE I. 


Atom of 
Metal. 

1 

4 

Atom of 
Oxygen. 

•l 

• 

Oxide. 

Oxide of Metal. 

1 

4 

2 

Bis Oxide of Metal. 

1 

4 

3 

Ter Oxide of Metal. 

1 

4 

' 4 

Quater Oxide of Metal. 

2 

4 

1 

Dis Oxide of Metal. 

3 

4 

1 

T/is Oxido of Mrtal. 

4 

4 

1 

Tetrakis Oxide of Metal. 

2 

4 

3 

Dis Ter Oxide of Metal. 

2 

• 4 

5 

Dis Qiunquoxide of Metal.. 
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TABLE II. 


Oxide. 


Add Sulphuric. 

Compound Salt. 

1 

+ 

1 

Sulphate of Metal 

1 

+ 

2 

Bis Sulphate of Metal. 

1 

+ 

3 

Ter Sulphate of Metal. 

I 

+ 

4 

Quater Sulphate of Metal. 

2 

+ 

I 

Dis Sulphate of Metal. 

3 

+ 

1 

Tris Sulphate of Metal. 

4 

+ 

1 

Tetrakis Sulphate of Metal. 

Bis Oxide. 


' 

» 

1 

+ 

1 

Sulphate of Bis Metal. 

< 1 

+ 

2 

Bis Sulphate of Bis Metal. 

2 

+ 

I 

Dis Sulphate of Bis Metal. 

Ter Oxide. 

1 

+ 

1 

V « 

Sulphate of Ter Metal. 

1 

+ 

2 

Bis Sulphate of Ter Metal. 

1 

+ 

3 

Ter Sulphate of Ter Metal. 

2 

+ 

1 

Dis Sulphate of Ter Metal. 

Dis Oxide. 

1 

+ 

1 

Sulphate of Dis Metal. 

1 

+ 

2 

Bis Sulphate of Dis Metal. 

2 

+ 

1 

Dis Sulphate of Dis Metal. 

Trls Oxide. 

1 

+ 

1 

Sulphate of Tris MetaL 

1 

+ 

2 

Bis Sulphate of Tris Metal. 

2 

+ 

1 

Dis Sulphate of Tris Metal. 

Dis Ter Oxide. 

1 

+ 

1 

Sulphate of Dis Ter Metal. 

1 

V 

2 

Bis Sulphate of Dis Ter Metal 

2 

-T 

1 

Dis Sulphate of Dis Ter Metal 


Section VII. 

2365. In the present state of Chemistry, symbols are as im- 
portant as figures in arithmetic. Without them it is impossible 
to follow with distinctness and precision the varied changes 
that accompany chemical action, or even to express with facility 
te constitution of compounds. They afford, also, great advan- 
tages to the student, ^hose adopted in this work are explained 
immediately after the title-page. 

2366. In examining symbols, the beginner must recollect, that 
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in numerous cases, if ' not in all, it is impossible to tell in what 
manner the elements of a compound may be associated together, 
though the quantity of each may have been carefully and accu- 
rately determined by experimental, investigation. Hence the 
symbolic expression of any compound may be very various ac- 
cording to the theoretical views entertained as to the manner 
in which they are arranged. Thus, if real sulphuric acid and 
ammonia be brought in contact in the gaseous condition, a ‘com- 
pound is produced in which there arc 1 eq^of sulphur, 3 of oxy- 
gen,. 1 of nitrogen, and 3 of hydrogen. 

It may be expressed, then, symbolically, in many different 
ways : — 

1. SN0 3 H 3 

2. SN -f 3 *H = Sulphuret of nitrogen 4- 3 of water. 

3. !S + NH 3 = Sulphate of ammonia. 

4. :S + NH 2 + -H = Aqueous sulphate of amide, &c. &c. 

2366. Amide is the name given to a compound which has 
not hitherto been insulated. The term Amidogen is considered 
preferable, and then its compounds may be termed Amides. 

Again, when hydrosulphuric acid is brought into combination 
witlr ammonia, these materials may produce hydrosulpliate of 
ammonia ; or, as many are now disposed to view the compound, 
it may be termed sulphuret of ammonium, and a compound in 
which the elements of water and ammonia are present, may 
contain these in the form of oxide of ammonium. The term 
ammonium is applied to a compound which, like amidogen, has 
never been insulated, but is supposed to be produced in nume- 
rous cases where ammonia acquires hydrogen when brought in 
contact with other substances. Thus, — 

IIS 4- NH 3 = Hydrosulphatc of ammonia, or 

S 4 Nil 4 = Sulphuret of ammonium. 

•II 4- NH 3 = Hydrate of ammonia, 

•+ NH 4 = Oxide of ammonium. # 

2367. Even where the sulphuric acid enters into combination, 
we have no proof of the manner in which its elements finally 
arrange themselves in the new combination. For instance, if it 
act with soda, ' it may produce merely sulphate of soda ; or, it 
may decompose the soda and attract its oxygen, forming sul- 
phatoxygen, as the imaginary compound thus produced has 
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been termed, which combines with the soda. The following 
symbolic expressions accordingly present themselves 

O 4 + SNa = Quadr oxide of the sulphuret of sodium. 

:S + *Na= Sulphate of soda. 

*:S + Na = Sulphatoxide of sodium. 

In the same manner, as Professor Graham remarks, aqueous 
sulphuric acid, which is now frequently termed sulphate of wa- 
ter, Tnay also be termed sulphatoxide of hydrogen. 

*H :S = Aqueous sulphuric acid ; 

:S *H = Sulphate of water, or 

•iSH‘= Sulphatoxide of hydrogen, the combination being con- 
sidered, when this arrangement is adopted, analogous to the 
sulphatoxide of sodium. 

2368. The combinations of water are at present a source of 
great interest, as from the investigations of Professor Graham, 
more particularly it performs in many saline combinations the 
functions of a base, replacing oxides or other substances, and 
being retained in this condition with a much greater power of 
attraction than is observed in water of crystallization, which 
may be expelled in general by a moderate heat. 


Sect. VIII. — Table of Equivalents. 

2369. In the table of Equivalent Numbers, I have preferred 
a systematic to an alphabetical arrangement, as it will be more 
interesting to those, who study it with the view of making them- 
selves more familiar with the laws that regulate the proportions 
in which bodies combine, and the constitution of the more im- 
portant compounds. 

2370. It is much to be regretted.that it has not been usual 
for chemists to express^the composition of all these substances 
in the same manner, numerous differences of nomenclature may 
be observed in different works on chemistry, dependent partly 
upon the state of the science, which must often prove very per- 
plexing to the beginner, especially when he finds some compounds 
represented as consisting of one equivalent of one substance, and 
an equivalent and a half of another, a mode of expression com- 
rflon in some of our best treatises on Chemistry, and which 
custom has forced many to adopt, though it is certainly very 
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* 

desirable that another mode of expression should be preferred, 
more consistent with what the student is taught on commencing 
the study of chemistry * 


* In the annexed table, the first line in each example shews the commo 
method of representing the constitution of a few cases of such combinations, 
and the second line (and third line also in the two first examples) gives a cor- 
rected view of their composition. 

Ex. 1 . Deutoxide (Terdinoxidc or Sesquioxido) of Manganese. 

1 Equiv. Manganese 27.7 + 1^ Oxygen 12 = 39.7 

Corrected view. 

2 Manganese 55.4 -|- 3 Oxygen 24 = 79*4 

or, 

1 Oxide *35.7 -f 1 Binoxide 43.7 = 79.4 

Ex. 2 Peroxide (or Sesquioxido) of Iron. 

1 Equiv. Iron 28 +14 Oxygen 12 = 40 

Corrected view. 

2 Iron 50 + 3 Oxygon 24 = 80 

Chemistry has extended so much of late years, and so many anomalies have 
crept into its nomenclature, that the whole subject demands revision, and to 
be adapted to the present state of science. 
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CLASS I. SIMPLE SUBSTANCES NOT METALLIC, AND 

THEIR COMBINATIONS WITH EACH OTHER. 

%* The large figures express the number of Equivalents, and the small figures their Weight. 
* The Italic Capitals are used as provisional symbols. See page C44. 



Symbol. 

Atomic 

Weight. 


Composition. 


Oxygen, 

0 or • 

8 





Hydrogen, 

H 

1 




, 

Oxide, . ‘ . 

•H 

9 

1 Oxygen 

8 

-f- 1 Hydrogen 

1 

Binoxide, 

:H 

17 

Oxygen 

16 

+ 1 Hydrogen 

1 

Nitrogen, 

N 

14.2 





Oxide, 

. -N 

22.2 

1 Oxygen 

8 

-fl Nitrogen 

14.2 

Binoxide, 

:N 

30.2 

*2 Oxygen 

16 

-j- 1 Nitrogen 

14.2 

Hyponitrous Acid, 

. sN 

38.2 

3 Oxygen 

24 

-f 1 Nitrogen 

14.2 

Nitrous Acid, 

::N 

46.2 

4 Oxygen 

32 

4* 4 Nitrogen 

14.2 

Nitric Acid, 

. ::N 

54.2 

5 Oxygen 

40 

4- \ Nitrogen 

14.2 

Binaqueous Nitric Acid, 

2 -H+::N 

72.2 

Water 

18 

4 - 1 Nitric Acid 

54.2 

Atmospheric Air, 

. -N 2 

36.4 

1 Oxygen 

8 

4- 2 Nitrogen 

28.4 

Amidogen, or Amide ? 

. NH* 

16.2 

1 Nitrogen 

14.2 

4 - ^ Hydrogen 

2 

Ammonia, 

. NH 3 

17.2 

1 Nitrogen 

14.2 

4- 3 Hydrogen 

3 

Ammonium, * 

NH 4 

18.2 

1 Nitrogen 

14.2 

4- 4 Hydrogen 

4 

Sulphur, 

S 

16.1 





Sulphurous Acid, 

:S 

32.1 

$ Oxygen 

16 

4- 1 Sulphur 

16.1 

Sulphuric Acid, 

IS 

40.1 

3 Oxygen 

24 

4- 1 Sulphur 

16.1 

Aqueous Sulphuric Acid, 

•H:S 

49.1 

1 Water 

9 

4- 1 Sulphuric Acid 40.1 

Hyposulphurous Acid, 

:S ! 

48.2 

$ Oxygen 

16 

4- Sulphur 

32.2 

Hyposulphuric Acid, 

::S 2 

72.2 

5 Oxygen 

40 

4- % Sulphur 

32.2 

Hydrosulphuric Acid, 

. HS 

17.1 

1 Hydrogen 

1 

4- 1 Sulphur 

16.1 

Bisulphureted Hydrogen, 

S 2 H 

33.2 

^ Sulphur 

32.2 

4- 1 Hydrogen 

1 

Nitrosulphuric Acid, 

0 4 SN 

62.3 

4 Oxygen 

32 

4- 1 Sulphur 

16.1 



' 



4- 1 Nitrogen 

14.2 

Selenium, 

Se 

40 





Oxide, 

•Se 

48 

1 Oxygen 

8 

4- 1 Selenium 

40 

Selenious ^cid,’ 

:Se 

56 

2 Oxygen 

16 

4- 1 Selenium 

40 

Sclcnic Acid, 

:Se 

64 

3 Oxygen 

24 

4- 1 Selenium 

40 

Selcnurcted Hydrogen, 

HSe 

41 

1 Selenium 

40 

4- 1 Hydrogen 

1 

Phosphorus, 

P 

15.7 





Hypophosphorous Acid, 

•P 2 

39.4 

1 Oxygen 

8 

4- 9 Phosphorus 

31.4 
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Phosphorous Acid, 

Atomic 
Symbol. Weight. 

IP* 56.4 

3 Oxygen 

Competition. 

24 4 - Phosphoras 

31.4 

Phosphoric Acid, 

::P* 71.7 

5 Oxygen 

40 -|- Phosphorus 

31.4 

Phospliurcted Hydrogen, 

H’P S 34.4 

It Phosphorus 

31.4 +3 Hydrogen 

3 

■ Carbon, . 

Carbonic Oxide, 

C 0.12 

•C 14.12 

1 Oxygen 

8 +1 Carbon 

6.12 

Carbonic Acid, 

:C 22.12 

$ Oxygen 

16 +1 Carbon 

6.12 

Hydrant of Carbon, 

HC 7.12 

1 Hydrogen 

1 + 1 Carbon 

6.12 

Bihydruret of Carbon, 

H ! C 8.12 

^ Hydrogen 

2 +1 Carbon 

6.12 

6.12 

Bisulphuret of Carbon, 

S 2 C 38.32 

% Sulphur * 

32.2 + 1 Carbon 

# Boron, 

B 11 


. 

11 

Boracic Acid, 

IB 35 

3 Oxygen 

24 4* 1 Boron 

Chlorine, 

Hypochlorous Acid, 

Cl 35.5 • 

•Cl 43.6 

1 Oxygen 

8 +1 Chlorine 

35.5 

Chlorous Acid, 

•:Cl 67.5 

4 Oxygen 

32 +1 Chlorine 

35.5 

Chloric Acid, 

::C1 75.6 

5 Oxygen 

40 +1 Chlorine 

35.5 

Perchloric Acid, 

•iiCl 91.6 

7 Oxygen 

56 -f 1 Chlorine 

35.6 

Hydrochloric Acid, . 

IIC1 36.5 

1 Hydrogen 

1 -f-1 Chlorine 

35.5 

Quadrocliloride of Nitrogen, 

CBN 156.2 

4 Chlorine 

142 4- 1 Nitrogen 

14.2 

Chloronitrous Gas, 

C1«:N 101.2 

Chlorine 

71 4-1 Binoxide N. 

30.2 

Bichloride of Sulphur, 

CIS” 67.7 

1 Chlorine 

35.5 4-® Sulphur 

32.2 

Scsquichloride of Phosphorus, C1 3 P 2 137.9 

3 Chlorine 

106.5 4- $ Phosphorus 

31.4 

Hydrocarburet of Chlorine, 

H’C’Cl 49.74 

Hydrogen 

2 4 - Carbon 

4- 1 Chlorine 

12.24 

35.6 

Clilorocarbonic Acid, 

Cl-C 49.7 

1 Chlorine 

35.5 4-1 Carb. Oxide 

14.2 

Tcrchloridc of Boron, 

CFB 117.5 

3 Chlorine 

^106.6 4- 1 Boron 

11 

Iodine, 

Iodic Acid, 

I 126.6 

::I 166.5 

5 Oxygen 

40 +1 Iodine 

126.5 

Periodic Acid, 

•III 182.6 

7 Oxygen . 

56 4- 1 Iodine 

126.5 

Hydriodic Acid, 

HI 127.5 

1 Hydrogen 

1 4* 1 Iodine 

126.5 

Teriodidc of Nitrogen, 

PN 393.7 

3 Iodine? 

379.5 4- 1 Nitrogen 

14.2 

Chloriodic Acid, 

C1I? 162 

1 Chlorine 

35.5 4- 1 Iodine 

126.5 

Tcrchloridc of Iodine, 

Cl’I? 233 

3 Chlorine 

106.5 4" 1 Iodine 

126.5 

Bromine, 

Fluorine, 

Hydrofluoric Acid, 

Br 78.4 
F 18.7 

. HF 19.7 

1 Hydrogen 

1 4-1 Fluorine 

S»- 

18.7 

Tcrfluoride of Boron,* 

F 3 B 67.1 

3 Fluorine 

56.1 4“ 1 Boron 9 

11 

Terfluorklc of Silicum,t 

W3C! *71) 1 

SI Fluorine 

.56.1 4" 1 Silicum 

22 ? 


Fluoboric Acid, see page 209. 


f Fluosilicic Acid, seo page 210. 
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CHEMICAL EQUIVALENTS. 


CLASS II.— METALS AND THEIR COMBINATIONS WITH 
NON-METALLIC SUBSTANCES. 

ORDER I.— KALIGENOUS METALS. 



Atomic 
Symbol. Weight 


Composition. 


Potassium, > 

. K 39.2 




Chloride, 

. . C1K 74 >7 

1 Chlorine 

35.6 + 1 Potassium 

39.2 

Iodide, . 

. IK 1G5.7 

1 Iodine 

126.5 + 1 Potassium 

39.2 

Bromide, 

BrK 117.6 

1 Bromine 

78.4 + 1 Potassium 

39.2 

Fluoride, 

. . FK 57.9 

1 Fluorine 

18.7 + 1 Potassium 

39.2 

Sulphurct, . 

. SK 55.3 

1 Sulphur 

16.1 + 1 Potassium 

39.2 

Bisulphuret, . 

. . S*K 71.4 

i & Sulphur 

32.2 +1 Potassium 

39.2 

Oxide (Potassa) 

•K 47.2 

1 Oxygen 

8 + 1 Potassium 

39.2 

Peroxide 

, . . |K 63.2 

3 Oxygen 

24 +1 Potassium 

39.2 

Potassa, salts of 




* 

Acetate, 

A- K 98.68 

1 Acetic Acid 

51.48 + 1 Potassa 

47.2 

Benzoate, 

BK 161.88 

1 Bcnzo. Acid 114.68 + 1 Potiissa 

47.2 

Carbonate,’ 

. :C*K 69.32 

1 Carbo. Acid 

22.12 -f 1 Potassa 

47.2 

Bicarbonate, 

2:C+-K 91.44 

Carbo. Acid 

44.24 + 1 Potassa 

47.2 

Cr.lW. 

. .H+2:C+*K 100.44 

1 Water 

9 + 1 Bicarbonate 

91.44 

Chlorate, 

. ::C1+-K 122.7 

1 Chloric Acid 75.5 + 1 Potassa 

47.2 

Perchlorate, 

. •::C1+*K 138.7 

1 Pcrchlo.Acid 91.5 +1 Potassa 

47.2 

Chromate, 

:Cr*K 99.39 

1 Chrom. Acid 52.19 + 1 Potassa 

47.2 

Bichromate, 

2:Cr+-K 151.58 

$ Chrom. A. 

104.38 + 1 Potassa 

47.2 

Fcrroprussiatc, or 

Fcrrocyanate. See Hy- 




drocyanic Acid. 
Hydrate, 

( 

. -H+-K 56.2 

1 Water 

9 +1 Potassa 

47.2 

Terhydrate, 

«. 3-H+-K 74.2 

3 Water 

27 +1 Potassa 

47.2 

Nitrate, 

::N-K 101.4 

1 Nitric Acid 

54.2 + 1 Potassa 

47.2 

Oxalate, 

. :C*-K 83.44 

1 Oxalic Acid 

36.24 + 1 Potassa 

47.2 

Sulphate, 

. . :S.K 87.il 

1 Sulph. Acid 

40.1 + 1 Potassa 

47.2 

Bisulphate, 

2-S+-K 127.4 

$ Sulph. Acid 

80.2 + 1 Potassa 

47.2 

Cr. 2 W. . 

. 2-H+2-S+K 145.4 

$ Water 

18 +1 Bisulphate 

127.4 

Tartrate, . 

T- K 113.68 

1 Tartar. Acid 66.48 + 1 Potassa 

47.2 

Bitartrate, . 

. 2T+-K 180.16 

$ Tartar. Acid 132.96 + 1 Potassa 

47-2 

Cr- 2 W. 

2-H+2T+-K 198.16 

1 Water 

18 +1 Bitartrate 

180.16 
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Symbol. 

Atomic 

Weight. 


Composition. 

SOPIUM, . . 

. . Na 

23.5 




Chloride, . 

. CINa 

59 ' 

1 Chlorine 

35.5 

+ 1 Sgdium 

Iodide, 

. . ■ INa 160 ' 

1 Iodine 

126.5 

-|> 1 Sodium 

Bromide, . 

. BrNa 101.9 

1 Bromine 

78.4 

+ X Sodium 

Fluoride, 

. . FNa 

42.2 

1 Fluorine 

18.7 + 1 Sodium 

Sulphuret, 

SNa 

39.6 

1 Sulphur 

16.1 

4- 1 Sodium 

Oxide (Soda) 

. . *Na 

31.5 

1 Oxygen 

8 

4- 1 Sodium 

Peroxide, 

:Na* 

71 

8 Oxygen 

24 

4- 8 Sodium 

Soda, salts of 



i 



Acetate, 

. . \4«Na 

82.98 

1 Acetic Acid 

51.48 + 1 Spda 


Biborate, 


2:B+-Na 101.5 


Cr. 10W. (borax) 10-H+2:B+-Na 191.5 


Carbonate, . 

Cr. 10W. . 

Scsquicarbonatc, 
Cr* 4. W. . 
Chlorate, 
Hydrate, . 
Iodatc, 

Nitrate, 
Oxalate, 
Sulphate, . 

Cr.lOW. . 
Tartrate, . 


:CNa 

. 10-H+:C-Na 

. 3:C+2.Na 

4-H+3:C+2-Na 
, . ::Cl»Na 

. -H-Na 
. . :;I*Na 

. ::N-Na 
:C 2 Na 
. :S«Na 
. 10-H+:S-Na 

. T- Na 


53.62 

143.02 

129.36 

165.36 
107.0 

40.5 
198.0 

85.7 

67.74 

71.6 
161.6 

97.98 


23.5 

23.5 

23.5 

23.5 

23.5 

23.5 

47 


31.5 

8 Boracic Acid 70 +1 Soda 31.5 

lO Water 90 +1 Biborate 101.6 

1 Carbon. Acid 22.1 2 + 1 Soda 31.5 

lO Water 90 +1 Carbonate 63.62 

8 Carbon. Acid 66.36 + 8 Soda 63 

4 Water 36 +1 Scsquicarbo. 129.36 

31.6 

31.5 

31.6 

31.6 

31.5 

31.5 

71.6 

31.5 


and Potass a, Tartrate of, Cr. 8 W. 

8-H+3T-K+r*N 283.66 


1 Chloric Acid 7 5.5 + 1 s °d Jl 
1 Water 9 +1 Soda 

X Iodic Acid 166.5 + 1 Soda 
1 Nitric Acid 64.2 + 1 Soda 
1 Oxalic Acid 36.24 4“ 1 Soda 
\ Sulph. Acid 40.1 +lSoda 
lO Water 90 + 1 Sulphate 

1 Tartar. Acid 66.48 + X Soda 
1 Tar. of Pot. # U3.68 + l Tar. of Soda 97.98 
+ 9 Water 72 


LITHIUM, 
Chloride, . 
Fluoride, 

Oxide, 

Lithia, Salts of, 
Carbonate, 
Nitrate, 

Sulphate, 

AMMONIA, 

Acetate, 

Cr. 7 W. . 


L 10 
C1L 45.5 
FL 28.7 
•L 18 


1 Chlorine, 
1 Fluorine 
1 Oxygen 


35.5 + 1 Lithium 

18.7 + 1 Lithium 
8 +1 Lithium 


:C-L 40.12 
::N*L 72.2 
. . . :S*L 58.1 
. . NH 3 17.2 

. A+ NH 3 68.68 
7-H+^+NH 3 131.08 


1 Carbo. Acid 22.12 + 1 Lithia 
1 Nitric Acid 54.2 +1 Lithia 
1 Sulph. Acid. 40.1 + 1 Lithia 
1 Nitrogen 14,2 +8 Hydrogen 
1 Acetic Acid 51.48 + 1 Ammonto 
J Water 63 +1 Acetate 


10 

10 

10 

18 

18 

18 

3 

17.2 


68.68 
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Atomic 

Symbol. Weight. Composition. 

Benzoate, . . B+NH 3 131.88 1 Benzo. Acid 114.68 + 1 Ammonia 17.2 

Cr. 1W. .• •H+B+NH 3 140.88 1 Water 9 + 1 Benzoate 131.88 

Carbonate, . . :C+NH 3 39.32 1 Carbo. Acid 22.12 + 1 Ammonia 17.2 

Bicarbonate, . 2:C+NH 3 61.44 $ Carbo. Acid 44.24 + 1 Ammonia 17.2 

Cr. 2 W. . 2-H+2-.C+NH 3 79.44 $ Water 18 + 1 Bicarbonate 01.44 

Sesquicarbonate, 3:C-f-2(NH 3 ) 100.70 3 Carb. Acid 66.36 -j- Ammonia 34.4 

Cr. 2 W. 2*H-|-3:C+2(NH 3 ) 118.76 £ Water 18 + 1 Sesquicarbo. 100.76 

Hydriodatc, . . HI-fNH 3 144.7 1 HydriodicA.127.5 +1 Ammonia 17.2 

Iodate, . . . ::I-f NEl 3 183.7 1 Iodic Acid 166.5 + 1 Ammonia 17.2 

Hydrochlorate, . HCl-f NH 3 53.7 1 Hydroclil. A. 36.5 + 1 Ammonia 17-2 

Nitrate, . • ::N+NH 3 71.4 1 Nitric Acid 54.2 + 1 Ammonia 17.2 

Cr. 1W. . -H+:‘:N+NH 3 80.4 1 Water 9 + 1 Nitrate 71.4 

Oxalate, . • :C 2 +NH 3 53.44 1 Oxalic Acid 3G.24 -|- 1 Ammonia 17.2 

Cr. 2 W. . 2-H+:C 2 +NH s 71.44 Water 18 + 1 Oxalate 53.44 

Binoxalate, . 2(:C 2 )+NH 3 89.68 9 Oxalic Acid 72.48 -f- 1 Ammonia 17.2 

Cr. 8W. 8-H-f2(:C 2 )-|-NH* 161.08 8 Water 72 -f- 1 Binoxalate 89.68 

Succinate, . . S-f-NII 3 67.68 1 Succinic Acid 50.48 -f- 1 Ammonia 17.2 

Cr. 

Sulphate, . -S+NH 3 57.3 f Sulphuric A. 40.1 + 1 Ammonia 17.2 

Cr. 2 W. 2-H+IS+NH 3 75.3 $ Water 18 +1 Sulphate 57.3 

Sulphite, . . :S+NH 3 49.3 1 Sulphurous A. 32.1 -f 1 Ammonia 17.2 


ORDER IT.— TERRIGENOUS METALS. 


CALCIUM, 

. pa 

20.5 





Chloride, 

CICa 

50 

1 Chlorine 

35.5 

+ 1 Calcium 

20.5 

Cr. 6 W. . 

6-H+ClCa 110 

O Water 

54 

+ 1 Chloride 

50 

Iodide, 

ICa«147 

1 Iodine 

126.5 

+ 1 Calcium 

20.5 

Bromide, 

. BrCa 

98.9 

1 Bromihe 

78.4 

-J- \ Calcium 

20.5 

Fluoride, 

. . FCa 

39.2 

1 Fluorine 

18.7 

-f 1 Calcium 

20.5 

Sulphurct 

SCa 

36.6 

1 Sulphur 

16.1 

+ 1 Calcium 

20.5 

Phosphuret, 

PCa 

36.2 

1 Phosphorus 

15.7 

+ 1 Calcium 

20.5 

Oxide (Lime), . 

. .Ca 

28^ 

1 Oxygen 

8 

+ 1 Galcium 

20.5 

Bin oxide. 

. :Ca 

36.5 

$ Oxygen 

16 

+ 1 Calcium 

20.5 


Salts of Lime. 


A+*Ca 79.98 1 Acetic Acid 51.48 + 1 Lime 
:C+*Ca 50.62 1 Carbo. Acid 22.12 -f 1 Lime 
::Cl-p*Ca 104 1 Chloric Acid 75.5 1 Lime 


Acetate, 

Carbonate, 

Chlorate, 


28.5 

28.5 

28.5 
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Atomic 
Symbol. Weight. 


Composition. 


Chloride, 

Cl-Cft 64 

1 Chlorine 

35.5 + 1 Lime 

28.5 

Citrate, 

C+- Ca 80.98 

1 Citric Acid 

58.48 + 1 Lime 

28.5 

Hydrate, 

. -H+-Ca 37.5 

1 Water 

9 +1 Lime 

28.5 

Nitrate, 

::N+-Ca 82.7 

1 Nitric Acid 

54.2 + 1 Lime 

28.5 

Oxalate, 

:C*+‘Ca 64.74 

1 Oxalic Acid 

36.24 + 1 Lime 

28.5 

Dried at 100°, 

2-H+:C‘+-Ca 82.74 

1 1 Water 

18 +1 Oxalate 

64.74 

Sulphate, 

iS+-Ca 68.6 

1 Sulph. Acid 

40.1 + 1 Lime 

28.5. 

Cr. 2 W. 

2-H+:S+-Ca 86.6 

% Water 

18 ' +1 Sulphate 

68.6 

Tartrate, 

T+-Ca 94.98 

1 Tartaric Acft 66.48 + 1 Lime 

28.5 

BARIUM, * . 

• 

. 'Ba 68.6 

, 

• 


Chloride, 

. . CIBa 104.1 

1 Chlorine 

35.5 + 1 Barium 

68.6 

Cr. 2 W. 

. 2-H+ClBa 122.1 • 

® Water 

18 +1 Chloride 

104.1 

Iodide, 

. IBa 196.1 

1 Iodine 

1 26.5 + 1 Barium 

68.6 

Bromide, . 

. BrBa 147.0 

I Bromine 

78.4 -f 1 Barium 

68.6 

Fluoride, 

FBa 87.3 

1 Fluorine 

18.7 + 1 Barium 

68.6 

Sulphurct, 

SBa 84.7 

1 Sulphur 

10.1 +1 Barium 

68.6 

Oxide (baryta), . 

. -Ba 76.0 

1 Oxygen 

8 +1 Barium 

68.6 

Binoxidc, 

:Ba 84.6 

*1 Oxygen 

16 +1 Barium 

68.6 

Salts of Baryta, 



* 


Acetate, 

. A- Ba 128.08 

• 

1 Acetic Acid 

51.48+1 Baryta 

76.6 

Cr. 1 W. . 

•II-M-Ba 137.08 

1 Water 

9 +1 Acetate 

128.08 

Carbonate, 

. . :OBa 98.72 

1 Carb,on. Acid 22.12+1 Baryta 

76.6 

Chlorate, 

. ::Cl’Ba 162.1 

I Chloijic Acid 75.5 -f 1 Baryta 

76.6 

Chromate, 

:CrBa 128.79 

I Cli«bm. Acid 52.19 + 1 Baryta 

76.6 

Hydrate, 

. -H+-Ba 86.0 

1 Water 

m 9 +1 Baryta 

76.6 

Iodate, 

. ::I*Ba 243.1 

1 Iodic Acid 

166.5 + 1 Baryta 

76.6 

Nitrate, 

. ::N-Ba 130.8 

1 Nitric Acid 

54.2 + 1 Baryta 

76.0 

Oxalate, 

. :C ! +-Ba 112.84 

1 Oxalic Acid 

36.24 + 1 Baryta 

76.6 

Cr. 1 W. 

•H+:0*+‘Ba 1214)4 

1 Water 

9 +1 Oxalic Acid 

36.24 




+ 1 Bafyta 

76.6 

Din oxalate. 

2:C i +-Ba 149.08 

® Oxalic Acid 

72.48 + 1 Baryta 

76.6 

Cr. 2 W. . 

2-H+2iC 2 +-Ba 167.08 

£ Oxalic Acid 72.48 + $ Water 

18 


* 

• 

+ 1 Baryta 

76.6 

Sulphate, 

• :S+-Bn 116.7 

1 Sulph. Acid 

40.1 +1 Baryta 

76.6 

STRONTIUM, 

. . Sr 46.8 




Chloride, 

. , CISr 79.3 

1 Chlorine 

35.5 + 1 Strontium* 

43.8 

Cr. 1 W. 

•H+CISr 88.3 

1 Water 

9 +1 Chloride 

79.3 

Iodide, 

. ISr 170.3 

1 Iodine 

126.6 + 1 Strontium 

43.8 
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Sulphuret, 

Atomic 
Symbol. Weight. 

SSr 69.9 

1 Sulphur 

Composition, 

16.1 + 1 Strontium 

43.8 

Oxide (Stiontia), 

. -Sr 61.8 

1 Oxygen 

8 +1 Strontium 

43.8 

Binoxide, . * 

:Sr 69.8 

$ Oxygen 

16 +1 Strontium 

43.8 

Strontia, Salts of, 





Acetate, 

. A-Sr 103.28 

1 Acetic Acid 

51.48 + 1 Strontia 

61.8 

Carbonate, 

:C-Sr 73.92 

1 Carbo. Acid 22.12 + 1 Strontia 

61.8 

Hydrate, 

•H+*Sr 60.8 

1 Water 

9 +1 Strontia 

61.8 

Nitrate, 

. ::N+-Sr 106 

1 Nitric Acid 

54.2 -f 1 Strontia 

61.8 

Cr.fi W. 

6-H+::N!Sr 161 

3 Water 

45 +1 Nitrate 

106 

Sulphate, . , . 

:S+-Sr 91.9 

1 Sulph. Acid 

* 40.1 + 1 Strontia 

61.8 

MAGNESIUM, . 
Chloride, 

. Mg 12.7 
CIMg 48.2 

1 "Chlorine 

35.5 -f 1 Magnesium 

12.7 

Cr. 6 W. 

6-H+ClMg 102.2 

6 Water 

54 +1 Chloride 

48.2 

Iodide, 

. . IMg 139.2 

1 Iodine 

126.5 -|- 1 Magnesium 

12.7 

Bromide, 

BrMg 91.1 

1 Bromine 

78.4 + 1 Magnesium 

12.7 

Fluoride, 

. . FMg 31.4 

1 Fluorine 

18.7 +1 Magnesium 

12.7 

Oxide (Magnesia), 

•Mg 20.7 

1 Oxygen 

8 +1 Magnesium 

12.7 

Magnesia, Salts of, 





Acetate, 

. i4+’Mg 72.18 

1 Acetic Acid 

51.48 -f 1 Magnesia 

20.7 

Carbonate, 

:C+-Mg 42.82 

1 Carbo. Acid 

22.12 + 1 Magnesia 

20.7 

Hydrate, 

•H+-Mg 29.7 

1 Water 

9 + 1 Magnesia 

20.7 

Nitrate, . 

::N-f*Mg 74.9 

1 Nitric Acid 

54.2 -f 1 Magnesia 

20.7 

Cr. G W. . 6-H+::N+-Mg 123.9 

O Water 

54 +1 Nitrate 

74.9 

Sulphate, 

. :S+-Mg 60.8 

1 Sulph. Acid 

40.1 + 1 Magnesia 

20.7 

Cr. 7 W. . 7'H+:S+;Mg 123.8 | 

7 Water 

63 +1 Sulphate 

60.8 

Tartrate, 

. T+-Mg 87.18 

1 Tartar. Acid 66.48 + 1 Magnesia 

20.7 

Cr. 1 W. . . 

•H+T-Mg 96.18 

1 ; Water 

9 +1 Tartrate 

87.18 

ALUMINUM, 

Sesquichloride, 

Al 13.7 
. CFAl 8 133.9 

3 Chlorine 

106.5 + Aluminum 

27.4 

Sesquisulphuret, ' . 

. S’Al* '76.7 

3 Sulphur 

48.3 + $ Aluminum 

27.4 

Sesquioxide, (Alumina) 

. • O’Al* 61.4 

3 Oxygen 

24 + Aluminum 

27.4 

Alumina, Salts of. 





Sulphate, 

:S+:A1* 91.6 

1 Sulph. Acid 

40.1 + lftAlumina 

61.4 

And Potassa ^ :s-K+(3:S-h:Al 2 ) 

gsr't W « 

1 Sulph. Pot. 
Alumina 

87.3 + 1 Tersulph. of 
171.7 + M Water 

216 
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ORDER III.— CALCIGENOUS METALS. 

Sect. I. — Metals whose Oxides cannot be reduced by exposure to 

Heat alone. 



Atomic 
Symbol. Weight. 


Composition. 


IRON, . 

Fe 28 




Chloride, 

ClFe 63.5 

1 Chlorine « 

* 35.5 -|- 1 Iron 

28 

Scsquicliloridc (Terdiclil.), CFFe 2 162.5 

3 Chlorine 

106.5 + *Iron 

56 

Iodide, . 

IFc 164.5 

1 Iodine 

126.5 H-lIron 

28 

Sesquiniodidc (Tcrdiniod.), I 3 Fe 2 436.5 

^ Iodine 

379.5 + $ Iron 

66 

Sulphuret, 

SFe 44.1 

1 Sulphur 

16.1 1 Iron 

28 

Bisulphuret, 

. S 2 Fc 60.2 

£ Sulphur 

32.2 -f 1 Iron 

28 

Oxide, . 

•Fe 36 

1 Oxygen 

6 +1 Iron 

28 

Scsquinoxide (Per or 

Terdin.), iFe 2 80 

3 Oxygen 

24 + % Iron 

56 

(Black oxide), -iFc 3 116 

4 Oxygen 

32 -f 3 Iron 

84 

Oxide of Iron, Salts of, 




Carbonate 

. :C+-Fe 58.12 

1 Carbo. Acid 

22.12 + 1 Oxide of Iron 36 

Nitrate 

. ::N+-Fe 00.2 

1 Nitric Acid 

64.2 +1 Oxide of Iron 36 

Cr. 7 W. . 

■H+::N+-Fe 153.2 

7 Water 

63 +1 Nitrate 

90.2 

Sulphate 

:S+-Fe 76.1 

1 Sulph. Acid 

40.1 + 1 Oxide of Iron 36 

Cr. 7 W. . . 

7-H+:S-Fe 139.1 

7 Water 

63 +1 Sulphate 

76.1 

Peroxide of Iron, 

Salts of, 




Tcrpersulphate, 

3:S+:Fc 2 160.3 

3 Sulph. Acid 120.3 + 1 Peroxide 

80 

Dipcrsulphatc, 

:S+2:Fc* 120.1 

1 Sulph. Acid 40.1 -f" $ Peroxide 

160 

LEAD, . 

Pb 103.7 




Chloride, 

CIPb 139.2 

1 Chlorine 

35.6 + 1 Lead 

103.7 

Iodide, 

. IPb 230.J! 

1 Iodine 

126.5 +1 Lead 

103.7 

Sulphuret, 

SPb 119.8 

1 Sulphur 

16.1 + 1 Lead 

103.7 

Oxide, 

•Pb 111.7 

1 Oxygen 

8 +1 Lead 

103.7 

Dinoxide, 

•Pb* 215.4 

1 Oxygen 

8 -+• $ Lead 

207.4 

Quadrotrisoxide, 

•:Pb 9 343.1 

4 Oxygen 

32 -f- 3 Lead 

311.1 

Binoxide (Peroxide); 

* . :Pb 119.7 

$ Oxygen 

16 + 1 Lead 

103.7 

Oxide of Lead, Salts of,' 




Acetate, 

A 

. >Pb 163.18 

1 Acetic Acid 

51.48 + 1 Ox. of Ledd 

111.7 

Cr. 3 W. . 

. 3-H+A-Pb 190.18 

3 Water 

27 -|- 1 Acetate 

163.1 

Ditacetate, 4 

A+2-Pb 274.88 

1 Acetic Acid 

61.48 +* Ox. of Lead 

223.4 
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Atrmir 
Sunbol. Weight. 


Composition. 


Carbonate, 

:C+.Pb 133.82 

1 Carbo. Acid 22.12 + 1 Oxide Lead 

111.7 

Chromate, . 

. :Cr+-Pb 163.89 

1 Chrom. Acid 52.1 D + 1 Oxide Lead 

111.7 

Dichromatc, . 

:Ct+2-Pb 276.69 

1 Chrom. Acid 52.19 -|- ® Oxide Lead 

223.4 

Iodatc, 

::I+.Pb 278.2 

1 Iodic Acid 

166.5 + 1 Oxide Lead 

111.7 

Molybdate, 

. , :Mo+-Pb 183.6 

1 Molyb. Acid 71.9 +1 Oxide Lead 

111.7 

Nitrate, ' . 

. ::N+-Pb 166.9 

1 Nitric Acid 

54.2 + 1 Oxide Lead 

111.7 

D? nitrate, 

s:N+2-Pb 277.6 

1 Nitric Acid 

54.2 + ® Oxide Lead 

223.4 

Oxalate, 

. :CH"Pb 147.94 

1 Oxalic Acid 36.24 + 1 Oxide Lead 

111.7 

Sulphate, 

. :S+‘*Pb 161.8 

1 Sulphu. Acid 40.1 + 1 Oxide Lead 

ill. 7 

Tartrate, . 

T-f-Pb 178.18 

1 Tartar. Acid 66.48 + 1 Oxide Lead 

111.7 

COPPER, . 

.. . . Cu 31.7 




Dichloride, 

Cl+2Cu 98.9 

1* Chlorine 

35.5 +^ Copper 

63.4 

Chloride, 

. Cl+Cu 67.2 

1 Chlorine 

35.5 + 1 Copper 

31.7 

Diniodide, 

I+2Cu 189.9 

1 Iodine 

126.5 + $ Copper 

63.4 

Disulphuret, 

S+2Cu 79.6 

1 Sulphur 

16.1 + Copper 

63.4 

Sulphuret, 

. S+Cu 47.8 

1 Sulphur 

16.1 + I Copper 

31.7 

Dinoxide, . 

. . . -Cu* 71.4 

1 Oxygen 

8 +3 Copper 

63.4 

Oxide, 

. . -Cu 39.7 

1 Oxygen 

8 +1 Copper 

31.7 

Oxide of Copfkii, Salts of, 




Ditacetate, 

-4+2'Cu 130.88 

1 Acetic Acid 

51.48 + 3 Oxy. Copper 

79.4 

Cr. 6 W. 

. 6-H-|-(^+2-Cu) 184.88 

0 Water 

54 +1 Diacetate 

130.88 

Acetate, 

A +- Cu 91 .18 

1 Acetic Acid 

51.48+1 Oxy. Copper 

39.7 

Cr. 1 W. . 

•H+(-4+'Cu) 100.18 

1 Water 

9 +1 Acetate 

91.18 

Scsquiacctatc ? 

2^1+3-Cu 222.06 

Acetic Acid 102.96 + 3 Oxy. Copper 119.1 

Cr. 6 W. . 

6-H+(2 J 4+3;Cu) 276.06 

0 Water 

64 +1 Sesquiacetatc 222.06 

Tritacetate, 

^+3-Cu 170.68 

1 Acetic Acid 

51.48 + 3 Oxy. Copper 119.1 

Cr. 2 W. . 

2-H+(^+3-Cu) 188.68 

£ Water 

18 +1 Tritacetate 

170.58 

Dicarbonate, 

. :C+2-C’i 101.62 

1 Carbo. Acid 

22.12 + $ Oxy. Copper 

79.4 

Hydrated, 

•H+(:C+2-Cu) 110.62 

1 Water 

9 +1 Dicarbonate 

101.52 

Nitrate, 

'. . ::N+-Cu 93.9 

1 Nitric Acid 

54.2 +*1 Oxy. Copper 

39.7 

Sulphate, 

:S+-Cu 79.8 

1 Sulph. Acid 

40.1 + 1 Oxy. Copper 

39.7 

Cr. 5 W. . 

6-H+(:S+-Cu) 124.8 

5 Water 

45 +1 Sulphate 

79.8 

ZINC, . 

Z 3&3 




Chloride, 

. . . C1Z 67.8 

1 Chlorine 

35.5 + 1 Zinc 

32.3 

Iodide, 

IZ 168.8 

1 Iodine 

126.5 + 1 Zinc 

32.3 

Sulphuret, 1 

. SZ 48.4 

1 Sulphur 

16.1 + 1 Zinc 

32.3 

Oxide, 

... -Z 40.3 

1 Oxygen 

8 +1 Zinc , 

32.3 
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Symbol. Weight, 




8alts of Oxide of Zinc. | 




Acetate, 

A+-Z 91.78 

1 Acetic Acid 

51.48 + 1 Oxide of Zinc 40.3 

Cr. 7 W. . 

7-H+(A+-Z) 164.78 

7 Water 

63 +1 Acetate 

91.78 

Carbonate, . 

. :C+-Z 62.42 

1 Carbo. Acid 

22.12 + 1 Oxide of Zinc 40.3 

Nitrate, . 

::N+-Z 94.6 

1 Nitric Acid 

54.2 + 1 Oxide of Zinc 40.3 

Cr. 6 W. . 

6-H + (::N-Z) 148.6 

O Water 

54 +1 Nitrate 

94.5 

Sulphate, . 

. -S + -Z 80.4 

1 Sulph. Acid 

40.1 4* 1 Oxide of Zinc 40.3 

Cr. 7 W. . 

7-H + (:S + -Z) 143.4 

7 Water 

63 +1 Sulphate 

80.4 

Tartrate, . 

T+*Z 106.78 

1 Tartar. Acid 66.48 + 1 Oxide of Zinc 40.3 

ANTIMONY, . 

. Sb 64.6 


- 


Sesquicliloride, 

Cl 3 +Sb* 236.7 

3 Chlorine 

106.5 + 9 Antimony 

129.2 

Sesquisulpliuret, . 

. S 3 +Sb 2 177.6 ’ 

3 Sulphur 

48-3 + 9 Antimony 

129.2 

Scsquioxide, 

ISb 2 163.2 

3 Oxygen 

24 + 9 Antimony 

129.2 

Antimonious Acid, 

. -:Sb a 161.2 

4 Oxygen 

32 -f- 9 Antimony 

129.2 

Antimonic Acid, 

. " . ::Sb s 169.2 

, 5 Oxygen 

40 4-9 Antimony 

129.2 



f9 Tartaric Acid 132.96 


Sesquioxidc and Potassa, Tartrate of, 

j 1 Potassa 
] 1 Sesquiox.. 

47.2 

Ant. 163.2 


2T+-K+;Sb ! +3.H 360.36 

(3 Water 

27 




0 

360.36 


TIN, 

Sn 68.9 




Chloride, 

CISn 94.4 

1 Chlorine 

36.6 + lTin 

58.9 

Bichloride, 

. CPSn 129.9 

9 Chlorine 

71 +lTin 

58.9 

Iodide, . 

ISn 186.4 

4 Iodine 

126.6 +1 Tin 

58.9 

Sulpliurct, . 

. SSn 76 

1 Sulphur 

16.1 -fl Tin 

58.9 

Bisulpliuret, . 

8 2 Sn 91.1 

9 Sulphur 

32.2 +lTin 

58.9 

Sesquisulpliuret, 

. S 3 Sn ! 166.1 

3 Sulphur 

48.3 + *Tin 

117.8 

Oxide, . 

•Sn 66.9 

1 Oxygen 

8 + 1 Tin 

58.9 

Scsquioxide, 

. :Sn* 141j8 

3 Oxygen 

24 + * Tin 

117.8 

Binoxide, 

. . :Sn 74.9 

9 Oxygen 

16 + 1 Tin 

58.9 

■ BISMUTH, . 

Bi 71.6 




Chloride, 

CIBi 107 

1 Chlorine 

36.6 + 1 Bismuth 

71.5 

Sulphuret, 

SBi 87.6 

1 Sulphur 

16.1 + 1 Bismuth 

71.5 

Oxide, 

•Bi 79.6 

1 Oxygen 

8 + 1 Bismutli 

71.5 

Sesquioxide, . 

IBP 167 

3 Oxygen 

24 -f % Bismuth 

143 

Oxide of Bismuth, Salts of, 


0 


Carbonate, 

:C + -Bi 101.62 

1 Carbo. Acid 

22.12 + 1 Ox. Bismuth 

79.5 

Trisnitratc,* 

::N+3-Bi 292.7 

1 Nitric Acid 

54.2 4- 8 Ox. Bismuth 238.5 
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Symbol. 

Atomic 1 
Weight- 


Composition. 


Nitrate, 

. ::N + -Bi 133.7 

1 Nitric Acid 

54.2 

-f 1 Ox. Bismuth 

79.5 

Ct.3W. . 3-H+(:!N+-Bi) 160.7 

3 Water 

27 

+ 1 Nitrate 

133.7 

Sulphate, . 

;S + -Bi 119.6 

1 Sulph. Acid 

40.1 

+ 1 Ox. Bismuth 

79.5 

Tartrate, 

. T+-Bi 146.98 

1 Tartar. Acid 66.48 + 1 Ox. Bismuth 

79.5 

MANGANESE, 

. . Mn 

27.7 





Chloride, 

CIMu 

63.2 

1 Chlorine 

35.5 

4* 1 Manganese 

27.7 

Perchloride, 

Cl 7 Mn* 303.9 

7 Chlorine ! 

248.5 

+ 9 Manganese 

55.4 

Sulpliuret, 

. . SMn 

43.8 

1 Sulphur 

16.1 

4“ 1 Manganese 

27.7 

Oxide, 

. . -Mn 

35.7 

1 Oxygen 

8 

4- 1 Manganese 

27.7 

Sesquioxide, 

.. . :Mn 2 

79.4 

3 Oxygen 

24 

4- $ Manganese 

55.4 

Red Oxide, 

•■Mn 3 115.1 

4 Oxygen 

32 

4- 3 Manganese 

83.1 

Varvicitc, 

. . -sIMn 4 166.8 

y Oxygen 

56 

4- 4 Manganese 

110.8 

Binoxide, 

:Mn 

43.7 

$ Oxygen 

16 

4- 1 Manganese 

27.7 

Manganeseous Acid, . :Mn 

51.7 

3 Oxygen 

24 

4- 1 Manganese 

27.7 

Manganesic Acid, 

•:iMn 2 111.4 

y Oxygen 

66 

4- ^ Manganese 

55.4 

Oxide of Manganese, Salts of, 






Acetate, 

4+'Mn 

87.18 

1 Acetic Acid 51.48 

4“ 1 Ox. Mang. 

35.7 

Cr. 4 W. . 

4-H+U-Mn) 123.18 

4 Water 

36 

4- 1 Acetate 

87.18 

Carbonate, 

:C+-Mn „57.82 

1 Carbonic A. 

22.12 + 1 Ox. Mang. 

35.7 

iN i irate, • • 

::N+*Mn 

89.9 

1 Nitric Acid 

64.2 

4- 1 Ox. Mang. 

35.7 

Cr. 7 W. . 

7-H+(:iN-Mn) 152.9 

y Water 

63 

4- 1 Nitrate 

89.9 

Oxalate, 

iCH'Mn 

71.82 

1 Oxalic Acid 

36.12 + 1 Ox. Mang. 

35.7 

Sulphate, . 

•S-J-'Mn 

75.8 

1 Sulphuric A. 40.1 

4- 1 Ox. Mang. 

35.7 

CHROMIUM, 

. Cr 

28.19 





Sesquichloride, 

. Cl s Cr* 162.88 

3 Chloriue 

106.5 

4- 9 Chromium 

56.38 

Sesquisulphuret, 

. S'Cr* 104.68 

3 Sulphur 

48.3 

4- $ Chromium 

56.38 

Sesquioxide, 

:Cr 2 

80.38 

3 Oxygen 

24 

4- * l Chromium 

56.38 

Chromic Acid, 

. . iCr 

62.19 

3 Oxygen 

24 

4- 1 Chromium 

28.19 

COBALT, 

. . Co 

29.5 





Chloride, 

. CICo 

65 

1 Chlorine 

35.5 

4~ 1 Cobalt 

29.5- 

Sulphuret, 

. . SCo 

45.6 

1 Sulphur 

16.1 

4- 1 Cobalt 

29.5 

Oxide, 

•Co 

37.5 

1 Oxygen 

8 

4- 1 Cobalt 

29.5 

Sesquioxide, 

. . :Co 2 

83 

3 Oxygen 

24 

4- 9 Cobalt 

59 

Oxide of Cobalt, Salts of, 






Carbonate, , . 

:C+-Co 

59.62 

1 Carbonic A. 

22.12 + 1 Ox. Cobalt 

37.5 

Nitrate, . 

. :IN+-Co 

91.7 

1 Nitric Acid 

54.2 

4- 1 Ox. Cobalt 

37.5 

Cr. 6 W. . 

«;H4-(::N-Co) 

145.7 

6 Water 

54 

4- 1 Nitrate 

91.7 

Sulphate, 

:8+*Co 

77.6 

1 1 Sulphuric A. 40.1 

4- 1 Ox. Cobalt 

37.5 
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Symbol. 

Atomic 

Weight. 


Competition 


ARSENIC, 

. . . As 

37.7 





Chloride, 

. . ClAs 

73.2 

1 Chlorine 

35.6 

+ 1 Arsenic 

37.7 

Sesquichloride, 

. . CPAs 2 

181.9 

3 Chlorine 

10&5 

+ * B Arsenic 

76.4 

Sulphuret, 

. . SAs 

53.8 

1 Sulphur 

16.1 

-f- 1 Arsenic 

37.7 

Scsquisulphuret, 

S’As* 123.37 

3 Sulphur 

48.3 

+ SB Arsenic 

75.4 

Pcrsulphuret, . 

. . S 5 As s 165.9 

5 Sulphur 

80.5 

+ $ Arsenic 

76.4 

Hydruret, 

. . HAs 

38.7 

1 1 Hydrogen 

l 

+ ] Arsenic 

37.7 

Scsquiliydruret, 

. . H 3 As* 

78.4 

3 Hydrogen 

3 

+ $ Arsenic 

76.4 

ArseniouL Acid, 

•As 2 

99.4 

3 Oxygen 

24 

+ 9 Arsenic 

76.4 

Areenic Acid, 

0 5 As s 115.4 

5 Oxygen 

40 

+ $ Arsenic 

75.4 

NICKEL, 

. . . Ni 

29.6 





Chloride, 

. CINi 

65 * 

4 Chlorine 

35.5 

+ 1 Nickel 

29.6 

Disulphuret, 

SNi* 

75.1 

1 Sulphur 

16.1 

+ $ Nickel 

69 

Sulphuret, 

SNi 

45.6 

1 Sulphur 

16.1 

+ 1 Nickel 

29.6 

Oxide, 

. . . -Ni 

37.5 

1 Oxygen 

8 

+ 1 Nickel 

29.6 

Spsquioxidc, 

. . :Ni 2 

83 

3 Oxygen 

24 

+ $ Nickel 

59 

Salts of Oxide of Nickel. 






Carbonate, 

. . :C+-Ni 

69.62 

1 Carbonic A. 

22.12 + 1 Ox. Nickel 

37.6 

Nitrate, 

::N+-Ni 

91.7 

I Nitric Acid 

54.2 

+ 1 Ox. Nickel 

37.5 

Sulphate, 

:S+-Ni 

77.6 

1 Sulphuric A. 40.1 

+ 1 Ox. Nickel 

37.6 

Cr. 7 W. 

7-H+(IS+-Ni) 

140.6 

y Water 

63 

+ 1 Sulphate 

77.6 

CADMIUM, 

. . Cd 

65.8 





Chloride, 

. . CICd 

91.3 

1 Chlorine 

35.5 

+ 1 Cadmium 

65.8 

Iodide, 

ICd 182.3 

1 Iodine 

126.5 

+ 1 Cadmium 

65.8 

Sulphuret, 

SCd 

71.9 

1 Sulphur 

16.1 

+ 1 Cadmium 

66.8 

Oxide, 

. . -Cd 

63.8 

1 Oxygen 

8 

+ 1 Cadmium 

55.8 

Salts of Oxide of Cadmium. 






Carbonate, 

:C+*Cd 

85.92 

1 Carbonic A! 

22.12 + 1 Ox. Cadmium 63.8 

Nitrate, 

. ::N+*Cd 118 

1 Nitric Acid 

54.2 

-f- 1 Ox. Cadmium 63.8 

i.Cr. 4 W. . 

4-H+(::N+-Cd) 164 

4 Water 

36 

+ \ Nitrate 

118 

Sulphate, . 

:8+-Cd 103.28 

1 Sulphuric A. 40.1 

+ 1 Ox. Cadmium 63.lt 

Cr. 4 W. . 

4-H+(;S+-Cd) 139.28 

4 Water 

36 

+ 1 Sulphate 

103.21 

MOLYBDENUM, . Mo 

47.9 





Chloride, 

. . ' CIMo 

83.4 

1 Chlorine 

35.5 

+ 1 Molybdenum 47.9 

Bichloride, 

Cl*Mo 118.9 

$ Chlorine 

71 

+ 1 Molykdenum 47.9 

Bisulpliuret, . 

S*Mo 

80.1 

$ Sulphur 

32.2 + 1 Molybdenum 47.9 

Tersulphuret, 

. . S 3 Mo 

96.2 

3 Sulphur 

48.3 + 4 Molybdenum 47.9 

Oxide, 

. . -Mo 

65.9 

I Oxygen 

8 

+ 1 Molybdenum 47.9 
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Atomic 
Symbol. Weight. 


Cuinpusition. 


Binoxide, 

:Mo 63.9 

Oxygen 

16 

+ 1 Molybdenum 47.9 

Molybdic Acid, 

•Mo 71.9 

3 Oxygen 

24 

+ 1 Molybdenum 47.9 

TUNGSTEN, (Wolfram) - 

W. 94.0 





Bichloride, 

C1 ! W 166.8 

ft Chlorine 

71 

-f* 1. Tungsten 

94.8 

Bisulphurct, 

S 2 W 127. 

ft Sulphur 

32.2 

+ 1 Tungsten 

94.8 

Binoxide, 

:W 110.8 

ft Oxygen 

16 

4- 1 Tungsten 

94.8 

Sesquioxide, 

:W 2 213.6 

3 Oxygen 

24 

+ ft Tungsten 

189.6 

Tungstic Acid, . 

IW 118.8 

3 Oxygen 

24 

+ 1 Tungsten 

94.8 

VANADIUM, 

V 68.6 





Bichloride, 

C1*V 139.6 

ft Chlorine 

71 

4 1 Vanadium 

68.5 

Terchloridc, 

CPV 176 

3 Chlorine 

106.5 

4 1 Vanadium 

68.6 

Bisulphuret, 

S S V 100.7 

4 Sulphur 

32.2 

4- 1 Vanadium 

68.5 

Tersulpliurct, . 

S’V 116.8 

3 Sulphur 

43.3 

4 1 Vanadium 

68.5 

Oxide, .... 

•V 76.5 

1 Oxygen 

8 

-f- 1 Vanadium 

68.5 

Binoxide, 

:V 84.6 

ft Oxygen 

16 

+ 1 Vanadium 

68.5 

Vr ladic Acid, 

•V 92.6 

3 Oxygen 

24 

+ 1 Vanadium 

68.6 

URANIUM, . 

U 217.2 





Chloride, 

C1U 252.7 

1 Chlorine 

35.5 

+ 1 Uranium 

217.2 

Sesquichloride, 

CPU 2 640.9 

3 Chlorine 

106.5 

4 ft Uranium 

434.4 

Oxide, .... 

•U 225.2 

1 Oxygen 

8 

+ 1 Uranium 

217.2 

Sesquioxide, 

:U 2 468.4 

3 Oxygen 

24 

-|- ft Uranium 

434.4 

TITANIUM, 

Ti 23.5 





Bichloride, 

CPTi 94.6 

4 Chlorine 

71 

4- 1 Titanium 

23.5 

Bisulphurct, 

S 2 Ti 55.7 

ft Sulphur 

32.2 

4 1 Titanium 

23.5 

Oxide ? 

& 





Titanic Acid, 

:Ti 39.5 

ft Oxygen 

16 

4- 1 Titanium 

23.5 

TELLURIUM, . . 

Te 64.2 





Chloride, 

Ciye 99.7 

1 Chlorine 

35.5 

4 t Tellurium 

64.2 

Bichloride, 

CPTe 135.2 

ft Chlorine 

71 

4- 1 Tellurium 

64.2 

Bisulphuret, 

S 2 Te 96.4 

ft Sulphur 

32.2 

4- 1 Tellurium 

64.2 

Hydrotclluric Acid, 

HTe 05.2 

1 Hydrogen 

1 

4 1 Tellurium 

64.2 

Tellurous Acid, 

:Te 80.2 

ft Oxygen 

16 

4* 1 Tellurium 

64.2 

Telluric Acid, . 

:To 88.2 

3 Oxygen 

24 

4- 1 Tellurium 

64.2 

CERIUM, 

Ce 46 





Chloride, ( . 

CICe 81.5 

1 Chlorine 

35.5 

4“ 1 Cerium 

46 

Sesquichloride, 

CPCc* 198.5 

3 Chlorine 

106.5 

4 f t Cerium 

92 

Sulphuret, 

SCo 62.1 

1 Sulphur 

16.1 

4 1 Cerium 

46 

Oxide, .... 

•Cc 54 

1 Oxygen 

8 

4 1 Cerium 

46 
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Atomic 
Symbol. Weight. 

Sesquioxide, . . . :Ce* 116 

COLUMBIUM, . Ta 184.8 

Terchloride, . .* Cl s Ta 291.3 

Binoxide, . . . :Ta 200.8 

Columbic.Acid, . . :Ta 208.8 


Composition. 


3 Oxygen 

24 

4* 8 Cerium 

92 

3 Chlorine 

106.5 

4 - 1 Columbium 

184.8 

4 Oxygen 

16 

*4- 1 Columbium 

184.8 

3 Oxygen 

24 

1 Columbium 

184.8 


Sect. II. — Metals whose Oxides can be reduced by exposure to Heat 

. ALONE. 


•MERCURY, 

Chloride, 

Hg 203 
ClHg 238.6. 

1 Chlorine 

• 

35.5 4-1 Mercury 

203 

Bichloride, 

Cl 2 Hg 274 

*8 Chlorine 

71 4 1 Mercury 

203 

Iodide, 

IHg 329.6 

1 Iodine 

126.5 4- 1 Mercury 

203 

Sesquiniodido, 

I 3 Hg a 785.6 

3 Iodine 

379.5 -f-$ Mercury 

406 

Biniodidc, 

I a IJg 466 

*8 Iodine 

253 4 1 Mercury 

203 

Sulphuret, 

Sllg 219.1 

1 Sulpliur 

16.1 41 Mercury 

203 

Bisulphuret, 

S a Hg 235.2 

*8 Sulphur 

32.2 4 1 Mercury 

203 

Oxide, 

. . -Hg 211 

1 Oxygen 

8 41 Mercury 

203 

Binoxide, 

:IIg 219 

fc 8 Oxvgtn 

16 41 Mercury 

203 

Oxide of Mercury, 
Sulphate, 

Salts or, 

IS-Ilg 251.1 

i 

| Sulpli. Acid 

40.1 4 1 Oxide 

211 

Nitrate, 

::N-Hg 265.2 

1 Nitric Acid 

54.2 4 1 Oxide 

211 

Binaqueous, 

2-H+::N-Hg 283.2 

*8 Water 

18 4 1 Nitric Acid 

4 1 Oxide 211 

54.: 


Binoxtde ok Mercury, Salts of, 

Bisulphate of Binoxide, 2:84:1% 299.2 

Nitrate of Binoxide, ::N-f:Hg 273.2 

Binitrate of Binoxide, 2::N + :Hg 327.4 

Dinitrate, f . . ::N-f"2:Hg 492.2 

. SILVER, Ag 108.3 

Chloride, . • ClAg 143.8 

Iodide, . . . IAg 234.8 

Sulphuret, . . • SAg 124.4 

Oxide, . 'Ag 116.3 

Salts of Oxide of Silver, 

Acetate, . . . 167.78 

Carbonate, . . :C4*Ag 138.42 

Chlorate, m . . . ::Cl + *Ag 191.8 


8 Sulpli. Acid 

80.2 4 1 Binoxide 

219 

1 Nitric Acid 

54.2 4 1 Binoxide 

219 

8 Nitric Acfd 

108.4 4 1 Binoxide 

219 

1 Nitric Acid 

54.2 4 *8 Binoxide 

• 

438 

1 Chlorine 

35.5 4 1 Silver 

108.3 

1 Iodine 

126.5 4 1 SH ver 

108.3 

1 Sulphur 

16.1 41 Silver • 

108.3 

1 Oxygen 

8 41 Silver 

108.3 


1 Acetic Acid 51.48 4 1 Oxide Silver 116.3 
1 Carbo. Acid 22.12 4 1 Oxide Silver 116.3 
1 Chloric Acid 75.5 + 1 Oxide Silver 116.3 
s s 
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Nitrate, 

Oxalate, 

Sulphate, 

GOLD, 

Chloride, 

Terchloride, 

Iodide, 

Teriodide, 

Tersulphuret, 

Oxide, . 

Binoxide, 

Teroxidc, 

PLATINUM, 

Chloride, 

Bichloride, 

Iodide, 

Biniodide, 

Sulphuret, 

Bisulphuret, 

Oxide, . 

Binoxide, 
PALLADIUM, . 
Chloride, . 
Bichloride, . 
Sulphuret, 

Oxide, 

Binoxide, 
RHODIUM, . 
Chloride, 
Sesquichloride, 
Oxide, 

Sesquioxide, 


CHEMICAL EQUIVALENTS. 


Atomic 
Sjmbol Weight. 


Composition 


:N+-Ag 170.5 

1 Nitric Acid 

64.2 + 1 Oxide Silver 

IC^+'Ag 152.54 

1 Oxalic Acid 

36.24 + 1 Oxide Silver 116.3 

•S+\Ag 166.4 

1 Sulph. Acid 

40.1 + 1 Oxide Silver 116.3 

. Au 200 




ClAu 235.5 

1 Chlorine 

36.6 4-1 Gold 

200 

CPAu 306.6 

3 Chlorine 

106.6 -f I Gold 

200 

IAu 326.6 

1 Iodine 

126.6 4- 1 Gold 

200 

. I’Au 679.6 

3 Iodine 

379.6 4-1 Gold 

200 

8 3 Au 248.3 

3 Sulphur 

48.3 4 “ 1 Gold 

200 

•Au 208 

1 Oxygen 

8 4“ 1 U°ld 

200 . 

. :Au 216 

£ Oxygen 

16 +1 Gold 

200 

•Au 224 

3 Oxygen 

24 4- 1 Gold 

200 

Pt 98.84 




CIPt 134.34 

1 Chlorine 

35.6 4- 1 Platinum 

98.84 

. CPPt 169.84 

$ Chlorine 

71 4-1 Platinum 

98.84 

IPt 225.34 

1 Iodine 

126.5 4- 1 Platinum 

98.84 

. I 4 Pt 361.84 

Iodine 

253 4- 1 Platinum 

98.84 

SPt 114.94 

I Sulphur 

16.1 4- 1 Platinum 

98.84 

. S'Pt 131.04 

Sulphur 

32.2 4- 1 Platinum 

98.84 

•Pt 106.84 

1 Oxygen 

8 -J- 1 Platinum 

98.84 

:Pt 114.84 

Pd 63.35 

$ Oxygen 

16 4-1 Platinum 

98.84 

. CIPd 88.86 

1 Chlorine 

35.5 4“ 1 Palladium 

53.36 

Cl s Pd 124.35 

Chlorine 

71 4“ 1 Palladium 

63.35 

,SPd 69.45 

1 Sulphur 

16.1 4" 1 Palladium 

53.36 

•Pd 61.36 

1 Oxygen 

8 4” 1 Palladium 

63.35 

:Pd 69.35 

$ Oxygen 

16 4 " 1 Palladium 

53.35 

R 62.2 




. C1R 87.7 

1 Chlorine 

35.5 4" 1 Rhodium 

52.2 

. CW 210.9 

3 Chlorine 

106.5 4- $ Rhodium 

104.4 

.’ -R 60.2 

1 Oxygen 

8 4-1 Rhodium 

62.2 

. :R ! 128.4 

8 Oxygen 

24 4- $ Rhodium 

* 

104.4 
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The equivalents of the phosphates are rather complicated, 
partly from the modifications of which phosphoric acid is suscep- 
tible as it passes into pyrophosphoric and metaphosphoric acids, 
and also from the nature of the combination it produces with 
salifiable bases. Farther, the specific terms applied to them will 
appear necessarily more complicated to those accustomed to the 
older nomenclature, where Professor Graham’s important and 
ingenious views in respect to water are expressed in the new 
names, part of the water often performing the function of a sali- 
fiable base, while the rest may be combined in the usual man- 
ner* as water of crystallization. The following symbols, &c. 
express the constitution of the more important phosphates ; the 
pyrophosphates and metaphosphates have not in general been so 
minutely examined as the phosphates. It will be seen from seve- 
ral of these, that phosphoric acid tends particularly to form com- 
pounds containing 3 atoms of base, and is hence said to be tri- 
basic ; but pyrophosphoric acid forms bibasic compounds with 
the salifiable bases. 


\ tonne 

symbol. Wight. 

■ Triphosphate of Soda f ::P 2 -j- 2- Na 1 1 ^ 4 
and Basic Water, ( + *II J 

Or. Triphos. of Soda J 24* H + : ■ P 2 ) ^ ^ 
and Basic Water, l -f 2*Na+*H ) 

Cr. Triphos. of Soda(15*Il+::P 2 \ 273 4 
and Basic Water, 1+2* Na+ ■ H ) 

Triplios.of Soda, Oxide / >; p 2+# j^ a+ j 
Ammonium, and Ba-< ’|^jj 4 , 138.1 

sic Water, I I 

t Cr. Triphosphate of |8*H+::P*+ J * 
Soda, Oxide Ammo.yNa+‘NH 4 >210.1 
and Basic Water, (+*H ) 


f 1 Phosphoric Acid 71.4+9 Soda 63 + 
l l*Water 9 

94 Water of Cr.+l Phosplio. Acid 71.4+ 
9 Soda 63+1 Water 9 

f 1ft Water of Cr. + l Phospho. Acid 71.4+ 
X 9 Soda 03+1 Water 9 

/ 1 Phosphoric Acid 71*4+1 Soda 31.5+ 
1 1 Oxide # Ammo. 26.2+1 Water 9 

f 8 Water+Phospli. Acid 71.4+Soda 31.5+ 
1 1 Oxide Ammonium 26.2+1 Water 9 


J Teroctaphosphatc ' 
. Lime, 


442.2 


3 Phosphoric Acid 214.2+9 Lime 228 


* This salt, with water of crystallization, forms the Phosphate of Soda referred to in page 244. 
f Crystalled Phosphate of Soda and Ammonm. f * Phosphate from Bones. 
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Equivalents of some of the more important Compounds 
from the Animal and Vegetable Kingdoms, and of 
Compounds produced by their Decomposition. 


%* The Italic Capitals are used as Provisional Symbols . 


Acetic Acid, . . (A) 3 H+C* or O s C 4 U* 

51.48 

Tartaric Acid, 

(T) or 0 5 C 4 11 2 

66.48 

Citric Acid, 

(G) or 0 4 C 4 1I 2 

58.48 

Oxalic Acid, ... 

(:C 2 ) or 0 3 C 2 

36.24 

Oxamide, 

O^C^HsN 

44.44 

Benzoic Acid, (B or *Bz ) or 0 3 C 14 H 5 

114.68 

Benzule, 

. (Bz)0 2 C 14 H 5 

106.68 

Gallic Acid, 

• (G) or0 5 C 7 H 3 

85.84 

Succinic Acid, 

( S ) or 0 3 C 4 H* 

50.48 

Cyanogen or Bicarburet of Nitrogei 

i,, C 2 N 

26.44 

Hydrocyanic or Prussic Acid, 

OTIC 2 N 

27-44 

Cyanic Acid, 

*C a N 

34.44 

Ferroprussic Acid or Ferrohydro- ] 
cyanic Acid (Fcrrocyanic Acid), J 

[■ 3(C a N)+2Il+Fe 

109.32 

Hydrosulphocyanic Acid (Sulphocyanic Acid), HS 2 C a N 

59 64 

Carbazotic Acid, 

0 15 C 15 N 3 

284.40 

Morphia, 

O g C 34 11 1m N 

288.28 

Meconic Acid, 

0 7 C 7 II J 

100.84 

Metameconic Acid, 

O ,0 C 12 H* 

157.44 

Pyromoconic Acid, 

O 5 C ,0 H s 

104.2 

Narcotine, 

O^C^H^N 

375 . 

Codeia, 

0 5 C T2 II 19 N 

269.04 

Narceia, 

O 12 C 28 Il 20 N . 

301.56 

Thebaia, M 

0 3 C' i5 H l4 N 

205.2 

Meconin H 

O 4 C 10 H* 

98.2 

Quina, 

k O 2 C 20 H l2 N 

164.6 

Cinchonia, ... 

OC 2,, H ,2 N 

156.6 

Strychnia, 

. *O 3 C 30 H 16 N 

237.8 

Veratria, 

0 6 C 34 H ?2 N 

292.28 

Camphene, . . 

C 10 ll 8 

69.2 

Methylene,* 

HC \ 

7.12 ? 

Hydrate of Methylene (Pyroxilic Spirit), OCH-* 

16.12 

Pyroacetic Spirit or Acetone, 

OC 3 H 3 

29^36 

Quadrocarbureted Hydrogen, 

C 4 H 4 

28.48 

Bicarbureted Hydrogen, 

C*H 

13.24 

r The equivalents adopted here are 

doubled in some works, 

and the num- 


bers adopted for several of the substances represented here must be considered 
provisional. 
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Alcohol, ... 

OC 2 H 

21.24 

Hydruret of Etherine (Ethule), 

H+4HC 

29.48 

Sulphuric Ether, 0+C 4 H 3 , or -H+C 4 H 4 , or OC 4 H 3 

37.48 

Hyponitrous (Nitrous or Nitric Ether), 

:N+OC 4 H* 

75.68 

Oil of Wine, or Sulphate of Ether, 

:S+OC 4 H B 

77.58 

Aldehyde, 

OC 2 H 2 

22.24 

Aldehydic Acid, 

0 3 C 4 K 4 

52.48 

Chloral, .... 

0 4 C 9 CI 6 ? 

300.08 

Acetal, .... 

OC 8 H 9 

65.96 

Mercaptan, or Hydruret of Mercaptum, 

H+S 2 C 4 H 5 

62.68 

jfianthic Acid, 

2(SC)+OC 2 H 3 

99.88 

Arabine, 

0 11 C I *H 11 

172.44 

Dry Sugar, 

O 10 C l2 H 10 

163.44 

Common Sugar, 

O ll C ,2 H n 

172.44 

Diabetic Sugar, 

0 13 C l2 H 13 

190.44 

Starch Sugar, 

Ohc 12 II 14 

199.44 

Tannin, or Tannic Acid, 

0 12 C 18 H 8 

214.16 

Uric Acid, 

0 3 C 6 Ii-N 2 

91.12 

Urea, 

2(H 2 OCN) 

60.64 

Formic Acid, 

0 3 C 2 I1 

37.24 


II. LIGHT. 

2371. The researches of science have shewn that the compo- 
sition of the sunbeam is extremely complicated, and numerous 
and interesting as the various facts are whicji have been hitherto 
discovered, they still leave its history very incomplete, and abun- 
dant room for future investigation. The precise nature of heat 
and light is still unknown, and their relation to electricity, 
magnetism, and chemical .action, is but imperfectly understood, 
though the connection between all these has in such iiumerous 
instances been proved to be so intimate, that the opinion that 
all the great phenomena of heat, light, electricity, magnetism, 
and attraction, including chemical fiction, may at some future 
period be proved to be dependent on one primary action, ope- 
rating under extreme variety of circumstances, begins to be less 
improbable than it formerly appeared, while the progress of 
discovery in modern times has shewn how much is to be doile, 
by studying their mutual relations. 



2372. The question of the universal distribution of a thin 
and attenuated fluid usually called Ether, is also necessarily 
involved in many of the speculations advocated, more especially 
at the present day, and this being thrown into vibrations or un- 
dulations, produces, it is supposed, according to the mode in 
which it is excited, the varied phenomena of heat and light. 

2373. The sunbeam appears to consist of three very different 
kinds of rays, viz. Luminous, Calorific, and Chemical Rays, and 
of the two former there are different kinds, which has led to 
the supposition that the chemical rays may also be of a com- 
pound nature. 

2374. Two opinions have been entertained as to the nature 
of light. 

I. According to the theory of Emission , or the corpuscular 
theory , as it is often termed, light* consists of a peculiar matter 
having particles infinitely small, so that, notwithstanding the 
velocity of their movements, 192,500 miles per second, they 
scarcely produce any marked impulse upon the body. 

II. According to the undnlatory theory , light is produced by 
vibrations or undulations in a peculiar ether, and this doctrine 
is supported more especially by the facts made known by Young* 
who shewed that two portions, or waves of light as they are 
termed, of the same force, destroy each other when they meet, 
interfering with or neutralizing one another, in the same man- 
ner as when two equal sounds are extinguished or terminate in 
silence, if the vibrations they produce be directed against each 
other. . 

2375. Wfiatever may be the interpretation adopted, the un- 
dulatory theory has in general been preferred, though the 
language currently employed is more in unison with the cor- 
puscular theory. The extreme rapidity of these undulations, 
amounting to hundreds of millions in a single second, is one of 
the most curious and interesting facts that has hitherto been 
developed, and shews in a remarkable manner the sensibility of 
the eye, the various tints observed being dependent upon dif- 
ferences in the number of undulations, which are so rapid that 
it is easier to trace this in figures than to form any thing ap- 
proaching to a precise idea of their frequency. The following 
tabular results by Herschel shew the relative rapidity of the dif- 
ferent undulations. 
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Colours of the Spectrum.* 

Number of Undulations in a 
Second. 

Extreme Hed, . 

Red, 

Intermediate, 

Orange, 

Intermediate, 

Yellow, 

Intermediate, 

Green, .... 
Intermediate, 

Blue, .... 
Intermediate, 

Indigo, 

Intermediate, 

Violet, 

Extreme Violet, 

* • • 

458.000000. 000000 

477.000000. 000000 

495.000000. 000000 

506.000000. 000000 

517.000000. 000000 

535.000000. 000000 

555.000000. 000000 

577.000000. 000000 

600.000000. 000000 
622,000000,000000 

644, 0t)0000, 000000 

658.000000. 000000 

672.000000. 000000 • 

699.000000. 000 00 

727.000000. 000000 


2376. Light appears to emanate from luminous objects in 
straight lines, diverging like the radii 
or spokes of a wheel, but on every side 
from the centre of emission. The ac- 
companying figure illustrates the escape 
of light or heat from a luminous or 
warm body suspended in the air or in 
vacuo, omitting the action that is in- 
duced on a warm body by the contigu- 
ous air,t as heat is communicated to it 
by actual contact with the warm surface. 

2377. Light falling upon any object must either be absorbed, 
transmitted, or reflected ; or part may be affected in one of 
these ways, and other portions in a different manner. Bodies 
are black when they absorb light, white when it is reflected , , tran- 
sparent when it is transmitted, and of various colours when one 
portion is retained ajjfi # another discharged. It may be con- 
sidered doubtful, however, if in any case a portion of light fall- 
ing on any substance is entirely absorbed, reflected,* or trans- 
mitted, though much the greater portion may often be affected 
in one of these modes alone. 

2378. A body may also present one tint when viewed by trans- 
mitted light, while its colour may appear very different if ex- 
amined by reflected light. 

2379. Light proceeds in straight lines as it passeS through 

* From Brewster’s Optics. + Sep Communication of Heat. 
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the same medium, but is altered or bent 
in its course when it passes from one 
kind of matter to another. This is termed 
the refraction of Light. Thus a ray 
of light B a passing frflm the air to a piece 
of glass is bent in the direction ab as it 
enters the glass, and is again bent as it 
escapes from it, assuming the direction 
be , parallel to the position it formerly 
held, as indicated by the dotted line ccb . 

2380. If the glass through which light is transmitted be 
convex, then the rays converge into a focus on the other side 

from that on which they 
impinge, the situation of 
which will vary according 
to the manner in which 
they fall upon the lens. 
Thus, if they arrive in the 
direction AAA, x will be 
the focus ; if in the direc- 
tion of BBB, the focus will 
be at », but if in the di- 
rection CCC, the focus will 



be found at m. 

2381. Again, while convex surfaces tend to concentrate the 

Figi 242 . r ^ys of light in a focus, those that are con* 

cave have a totally opposite effect, dispersing 
the rays that pass through them in the man- 
ner shewn in the annexed figure, where the pa- 
rallel rays that enter the glass are seen to di- 
verge as they emerge f^om it. 

2382. # The refraction of light by water may be illustrated by 

the familiar experiment repre- 
sented in Fig. 243, a candle being 
placed so as to shine upon the 
bottom of a box, M N O P, through 
an aperture in the side. If C re- 
present the point where the light 
falls when there is no water in the 
box, on filling it with this fluid 
to the level rs , the ray AB is 
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then bent at B, and appears at a different place, as at D ; if a 
more powerfully refracting fluid were substituted for the water, 
the light might then be seen at d. 

2383. Light is refracted doubly when it passes through 
some crystalline substances, as Iceland spar, one part being 
refracted in the usual manner, while another is said to undergo 

Fig. 344. an extraordinary re- 

' fraction. The primary 
/ V* divided into two dis- 

* / tinctparts. Hencesuch 

/ / / j j crystals present two 

/ !/ / images of any figure, of 

/ / / V a circle or a line for 

I / example, traced on the 

^>/ surface upon which they 

may be pi aced, as in the 
diagram, where the ray 

is seen divided into two portions. 

2384. Light is not only refracted when it passes through 
bodies ; it is also affected when it moves near their edges when 
it is said to be inflected or diffracted. 

2385. Light is reflected at an angle equal to the angle at 

, which it falls upon the 

A Fig. 245. ,, . 1 

V reflecting surface, or, to 

\ use a familiar expression, 

\ the angle of incidence and 

the aijgle of reflection are 
“ 5 equal. Thus, if a ray AB 

F ig. 24 c. fall upon a reflecting sur- 

fac # e CBD, the angle ABC 
\ • c formed by the incident ray 

A j and the plane upon which 

/s' it falls is exactly equal to 

^ /'/^ the angle FBD formed by 

Z' # the same plane and the 

n ut 5 reflected ray BF. The ray 

is never reflected in any 
other way, as in the direction of the lines aB, iB, or Fig. 
246. * 

2386. If parallel rays of light fall upon a concave reflector, 
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they may be considered as impinging upon numerous small 
planes, which, from their different relative positions, cause the 
reflected rays to meet in a point or focus, each, however, form- 
Fi «- 247 - ing with that part of the reflector 

upon which it falls an angle of re- 
flection equal to the angle of inci- 
dence ; and, if not absorbed by any 
substance placed at the focus, nor 
otherwise affected by meeting and 
impinging upon one another, .they 
again diverge, proceeding in straight 
lines from that part from which they were reflected. 

2387. But if parallel rays fall \ipon a 
convex reflecting surface, they are neces- 
sarily dispersed, as in Fig. 248, instead of 
being collected in a focus. 

2388. Polarized Light is the term 
applied to light when it has acquired pe- 
culiar properties in consequence of the 
circumstances under which it may have 
been reflected or refracted. Polarized 
light cannot be reflected from glass when 
it falls upon it at certain angles, while at 
others it is immediately reflected ; neither 
can it enter transparent media in the 
same manner as before, being transmitted 
through them wheq it enters in one direction, while in others it 
has not the power of passing through them. 

2389. Light is polarized when reflected from bright non- 
metallic surfaces at an angle of 56°.5 or 56°.45 ; and, though a 
portion may be polarized at a different angle, still, the more the 
angle of reflection differs from that mentioned, the less of the 
light is polarized. Malus, in 1810, discovered the polarization 
of light by reflection ; and Newton had previously considered 
that light became polarized in another way, viz. when subjected 
to the action of doubly refracting media. The power of polarized 
light to assist the eye in exploring the structure of crystals and 
other gubstances has attracted great attention, more particularly 
aVter the researches of Sir David Brewster. Many substances, 
perfectly homogeneous when examined by the eye in the usual 


Fig. 248. 
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manner, present the most beautiful and elaborate textures when 
they are examined with the assistance of polarized light. 

2390. A ray of light, polarized in the usual manner by reflec- 
tion, may be depolarized by transmission through certain media, 
as a thin film of mica or sulphate of lime. To observe this 
effect, let a ray of light from a candle proceed in the manner 
represented, and fall at the proper polarizing angle upon a piece 
of p 1 ;:e-glass having the back blackened ; and, on receiving the 
reflected ray upon another similar glass, instead of being seen 
or looking along the dotted line, nothing will be noticed. If a 
p ate of mica or sulphate of lime be now placed between *the two 
p ates at right angles to the jpolarized ray, the ray falling upon 
ths second plate appears and disappears at every quarter revo- 
lutions of the plate of mica as it is turned upon its axis, this 
having the power of depolarizing the ray when it meets it in 
particular positions. 



2391. The Decomposition of light may be effected by ab- 
sorbing some of the rays by different media, while others are 
transmitted or reflected ; or, it may be produced by the influence 
of various substances that, refract unequally the different rays of 
which white light is composed. According to the process 
adopted by Sir Isaac Newton in his great discovery of the com- 
position of white light, a beam of solar light, a b, is transmitted 
through a small aperture into a darkened apartment, and made 
to fall upon a glass prism, ede, as shewn in the figure (250). As 
it enters the prism at b, the different kinds of light are refracted 
unequally, and undergo a still farther refraction as they emerge 
from the side e c, producing an oblong coloured image uf>on Hie 
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opposite wall, which is usually termed the Prismatic Spectrum, 
the red being the least, and the violet the most refrangible ray. 
Sir Isaac Newton pointed out seven different colours in the 




spectrum, but the later analysis of Sir David Brewster has 
proved that it consists in reality of three primary rays, viz. red, 
yellow, and blue, which, by their union in various proportions, 
form the other colours described in the Newtonian spectrum. 

If another prism, c fe , be placed next the first, but with the 
apex upwards, as spen in the preceding figure, the glass in both 
being of the same quality, the ray of light, a b, will proceed as 
it emerges from the second prism, as if it had not been refracted 
at all, the light decomposed by the first prism being recomposed 
by the second. 

2392. Sir David Brewster has also proved, that each of the 
three primary colours may be found in every part of the spec- 
trum, but in very various proportions, each of them being greatly 

Fi «- 2GL in excess at particular parts of the 

spectrum. The red rays accumu- 
late towards the lower part a (Fig. 
251), the yellow rays b not far from 
the red, and the blue rays c at the 
, other extremity of the spectrum. 
The general mode of distribution is indicated in the accompany- 
ing figure. 

2393. Immediately below the red ray in the spectrum less 
refrangible rays have been observed, consisting of calorific rays 
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totally unaccompanied by luminous rays ; and above the violet 
ray, or immediately upon its extreme and upper edge, rays have 
been inferred to exist which are neither calorific nor luminous, 
but which are particularly distinguished by their chemical agency, 
having "a powerful effect in darkening chloride of silver com- 
pared with what is observed in any other part of the spectrum. 

2394. The luminous rays may generally be accompanied by 

heat, and, when absorbed, produce a calorific effect ; but expe- 
riments, in which the luminous rays were' transmitted first 
through water, and then through glass coloured with oxide of 
copper, appear to prove, that the rays of heat may thus be alto- 
gether absorbed, and the luminous rays procured entirely void of 
any calorific power. ' 

2395. The influence of light on chemical action is a subject 
that has been hitherto only very imperfectly studied. It is still, 
however, sufficiently marked in numerous well known instances ; 
and this has accordingly led to the opinion, that, were the sub- 
ject minutely investigated, its action would be found to be gene- 
ral, and much more important and extensive than is commonly 
supposed. Its action on chloride of silver has been previously 
referred to. A bright sunshine causes the immediate detona- 
tion of a mixture of oxygen and hydrogen. Its powerful influ- 
ence on the vegetable kingdom is acknowledged ; and, on the 
animal system, recent experiments and observations* have led 
me to entertain the opinion, that it is equally powerful. 

2396. The very singular discovery announced lately in Paris, 
that a material has been discovered so susceptible of the influ- 
ence of light, that any reflected image thrown upon it stains it 
permanently with an outline far beyond the pencil of art in 
accuracy and delicacy of detail, must probably depend upon the 
chemical agency of light upon the materials of which it consists. 

2397. Many curious experiments have been performed by Dr 
Stark in reference to odorous matters, from which if appears, 
that dark coloured clothes absorb them and retain them with 
much more power than those of a lighter tint. 

2398. It is now admitted that the> rays of light have very va- 
rious properties according to the source from which they ema- 

• See Reply to the Right Honourable Lord Duncannon on the Ventilation 
and Lighting, &c. of the House of Commons. House of Commons’ Repflftts, 1^38* 
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nate, partly, perhaps, dependent on the peculiar impulse they 
may receive as they are emitted, reflected, or refracted, and 
partly on the heat, on the electric or magnetic influence that 
may be associated with them, or the precise nature of the mole- 
cules of ordinary matter with which they may come in contact. 
Hence the light of the sun, and ordinary terrestrial light pro- 
duced by any common combustible, have different powers of 
penetrating screens of glass and other substances, and the heat 
associated with them is more apt to be absorbed by coloured 
glass, and influence accordingly any pliotometrical result. 

2399. The most intense light that can be developed by artifi- 
cial means is produced by transmitting a stream of galvanism 
through wires tipped with charcoal.* The Drummond Light, 
comes next (called also Gurney’s Light). It is usually produced 

by mixing oxygen and hydro- 
gen gases as they escape from 
separate gasometers, and di- 
recting the united streams 
upon a ball of lime, as in the 
annexed figure. A is the lime 
ball detached a little from its 
support, that it may be more 
distinctly seen ; B B two 
nozzles or jets discharging 
oxygen and hydrogen gases 
upon the lime, the hydrogen 
being in slight excess, and 
having been inflamed. The 
excess of hydrogen tends to 
sustain the light, with less 
danger of interruption from 
the momentary extinction of 
the flame. Though two jets have generally been employed, five, 
and even ten, have "sometimes been used. C is the tube through 
which the mixed gases are supplied. D a brass cap, terminating 
in the platinum-support F,*and screwing uponE, so as to admit 
of the ball being properly adjusted. G the central ball, to which 
the different jets are fixed. 

^ See Galvanism. 


Fig. 253. 
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2400. Fig. 253 represents the tube C, Fig. 253. 

which supplies the mixed gases with the 
flexible tubes, M and N attached, which con- 
vey the oxygen and hydrogen from separate 
gasometers. 

2401. In using the lime-ball light appa- 

ratus, an extreme variety of apparatus has 
been adopted, and arrangements provided for 
renewing the balls as they are exhausted by 
clock machinery. Fig. 254 represents an appa- 
ratus of the size required, but which, for ordinary experiments, 
may be supplied with five instead of two jets. The lime balls 
are turned out of a piece of .fyie chalk, and should be prepared 
larger than they are ultimately required, as the lime contracts 
on heating. The Fig. 254. 

chalk is converted 



into lime by heating 
in a crucible, cover- 
ing it with frag- 
ments of charcoal, 
so that none may be 
in direct contact 
with the sides of the 
crucible. The hy- 
drogen gas alone 
should be kindled 
first, and in minute 
quantity only, till 
the ball is red-hot ; 
then it may be put 
on in full force, and 
supplied with oxy- 
gen. (See Oxyhy- 
drogen Blowpipe.) 

2402. A single 
jet may be employed 
if it be not neqes- 
sary to illuminate 
the lime on every 
side, and a cylinder 
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may be substituted instead of a ball, turning it round by a screw ; 
or a special apparatus may be adapted for this purpose. 

2403. I may also add, that I have long used coal-gas instead 
of hydrogen, more especially when using the single jet on a 
cylinder of lime, and have found it to do extremely well. 

2404. The light produced in this manner may be seen at the 
distance of 90 or 100 miles, and is so extremely bright and bril- 
liant, that it produces a prismatic spectrum in the same manner 
as the rays of the sun. Placed in the focus of a light-house re- 
flector, a beam of liglit may be seen extending from it for miles 
in a dark night ; and even at ten miles distance, if the hand be 
held before a wall, it produces a distinct shadow. 

2405. If a lamp or candle be held near any wall upon which 
it may be shining at the distance of 50 or 100 feet, the outline 
of the warm air is distinctly indicated by the manner in which 
it refracts the light ; and, in the image consequently produced 
upon the wall, no line of demarcation is observed between the 
extremity of the flame and the hot air ascending from it. A 
red-hot iron bar presents a similar appearance when substituted 
for the candle. The manner in which a feebly luminous flame 
produces intense light when it impinges upon some solids, has 
not been explained. The lime is slowly wasted by being con- 
verted into vapour ; and apertures are often pierced through a 
stationary lime-ball, where the different jets play upon it. Small 
crystals of lime may also be occasionally seen deposited upon 
the surface of the lime, when it has for a long time been ex- 
posed to the flame of the mixed gases. 

2046. A very high temperature is required to render gases 
luminous, so $iat it is not perhaps possible to observe them in 
this condition, except when in a state of combustion. If com- 
bustible gases be subjected to a less elevated temperature, they 
may often be made to act upon air, and sustain a slow combus- 
tion, by which metals, such as platinum, may be rendered red- 
hot, while the gases that produce the heat may not be in the 
slightest degree luminous. Thus, a weak red light may be pro- 
duced by placing a thin slip of platinum in the flame of a spirit- 
lamp, and transferring it into a jar in which a mixture of gas 
and air is made to rise. The red-hot platinum sustains an im- 
perfect combustion between the gas and the air, by which the 
platinum is still maintained at a red heat. Should it be brought 
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to a white heat, the mixture 
of gas and air is generally • 
kindled, after which the gas 
generally becomes luminous, 
and bums in the ordinary man- 
ner. Fig. 255 shews the man- 
ner in which the platinum is 
suspended in the mixture of 
gas and air, the gas rising 
from the tube, and the air 
entering around it. 

2406. If the thin platinum # 
foil be heated as before, and 
then held over a little ether placed at the bottom of a glass jar, a 
similar effect is produced. Mr Merry weather of Whitby has con- 
structed lamps, having balls of spongy platinum placed over the 
wicks, by which a dull red heat is maintained when the spirit 
employed is kindled on them, and the flame extinguished. These 
lamps jnay be used advantageously for giving a fixed temperature 
for many days successively ; alcohol is the fluid generally pre- 
ferred. Very thin platinum wire coile<f round the wick may be 
substituted for the platinum sponge. 

2407. The evolution of light by phosphorescent bodies is 
sometimes dependent on slow combustion, as when phosphorus 
is freely exposed to the air in a dark apartment. On other occa- 
sions light is emitted by phosphorescent bodies after the action of 
light, heat, or electricity. Decayed animal and vegetable matters 
often appear phosphorescent ; and in the animal kingdom the 
glow-worm, the fire-fly, and many animaleulse inhabiting the 
polar seas, exhibit good examples of phosphorescence. 

2408. Some substances \£hich may have ceased to produce 
light when heated, evolve it freely again when subjected to the 
electric spark, as Mr Pearsal pointed out. 

2409. The cause of phosphorescence in many cases is ex- 
tremely obscure. In a number of cases, light appears to be ab- 
sorbed from the sun, and again slowly evolved. 

2410. Photometers are instruments for measuring the in- 
tensity of light. Leslie’s photometer is composed of the differ- 
ential thermometer, having one of the balls blackened, and is 
constructed on the principle that the intensity of light is pro- 
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Fig. 265. 
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portional to its heating effect when absorbed. The extreme 
variety, however, in the calorific -influence of different kinds of 
luminous bodies, prevents it from giving accurate results. In 
the more common varieties of photometers, the intensity of any 
light is indicated by the depth of shadow produced at a given 
distance upon any white ground by interposing an opaque object, 
comparing the shadow with that produced under the same cir- 
cumstances by some standard light. 


III. HEAT. 

2411. Caloric is the term applied to the matter of heat, or 
the power or force by which it is produced ; its nature is un- 
known ; it has been regarded, 

2412. I. As consisting in a peculiar motion or tremor of the 

particles of matter. # 

2413. II. As produced by vibrations or undulations in a pe- 
culiar elastic fluid or ether, as it has been termed, supposed to 
be universally diffused. 

2414. III. It has been regarded as a subtile fluid, its parti- 
cles being of extreme tenuity, invisible, imponderable, and re- 
pulsive of each other, whilst they attract those of other kinds 
of matter. 

2415. Caloric is universally distributed throughout the globe, 
though the proportion in different places, and the amount in dif- 
ferent kinds of matter at the same place, may be very various. 
Wherever it may bfe accumulated, it tends to diffuse itself 
amongst the surrounding objects, till an equilibrium has been 
established. 

2416. The temperature of bodies is their condition with re- 
spect to heat when compared with some standard, as boiling or 
freezing water. 

2417. Absolute caloric refers to the total quantity of heat 
which any substance at a given temperature may contain, a 
question that has not yet been solved. 

2418. Cold bears the same relation to heat that darkness 
does to light ; there is no peculiar frigorific principle. And as 
the darkness is greater and greater in proportion to the absence 
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of light, so cold is more and more intense in proportion to the 
absence of heat. 

2419. The rays of the sun, and many natural and artificial 
operations, as well as the movement of the globe itself to varied 
distances from the sun, maintain a constant inequality of tem- 
perature ; were no such causes in operation, a uniform tempe- 
rature would at last be attained. 

2420. No power has a greater influence on matter than ca- 
loric ; the changes of the seasons, the alternations of day and 
night, and the effects it produces on the animal, vegetable, and 
mineral kingdoms, all attest the importance of its operation. In 
the great phenomena of nature, as well as in the more limited 
operations of art, it is always in action, sustaining the harmony 
of creation, and producing or modifying all the changes of which 
matter is susceptible. It is so subtile and penetrating that there 
is no matter into which it cannot enter, neither can it be accu- 
mulated and collected like ordinary kinds of matter and shewn 
by itself. No substance has ever been obtained free from it, 
nor Jiave we any means of ascertaining what the form, size, or 
properties of matter would be, were ij utterly deprived of heat. 

2421. Till lately, it was not considered that heat could com- 
municate a repulsive power to different substances, but recent 
experiments have given countenance to this opinion, more espe- 
cially the very curious phenomena discovered by Mr Arthur 
Trevelyan, connected with the vibrations of various metals 
brought in contact with one another, each being at different 
temperatures. 

2422. At first it was supposed that the vibrations were pro- 
duced by the expansion induced in the colder metal at the point 
of contact, raising the superincumbent warmer metal and throw- 
ing it momentarily upon a new portion of the colder metal ; the 
first point cooling in the mean time, when the warm metal re- 
turns upon it, a second expansion takes place as before, and 
thus a continued movement is induced so long as a proper ine- 
quality of temperature is maintained. Professor Forbes, how- 
ever, who has entered minutely into the consideration of this 
question, is of opinion that the phenomena are not explicable, 
except upon the assumption that caloric under certain circum- 
stances can communicate powers of attraction and repulsion in 
the same manner as electricity. 



mo 


HEAT. 


2423. The vibrations are induced most conveniently by placing 
a bar of brass with a long handle upon a block or upon a cylin- 
der of lead, in the manner shewn in the accompanying figures. 

The bar of brass may 



2424. Very deep and beautiful tones arc frequently produced 
when these vibrations are induced in air (and the apparatus very 
large), resembling those of an organ. The slightest touch or 
pressure either on the ta]ple or on the metals produces a great 
variety in the effect. The vibrations may be made to commu- 
nicate a rocking motion to any substance placed upon the bar, 
which will often continue though it be loaded with a weight of 
ten or twenty pounds, according to the size of the apparatus. 

2425. The brass should not be heated so much as to melt the 
lead, and one of the most convenient methods of preparing it 
for action consists' in heating it till small fragments of lead 
soften upon its surface. If it be then removed from the fire, 
in a few minutes afterwards, it is generally fit for use. The bar 
should be kept bright hnd clean and free from smoke. 

2426. t In Fig. 258, a section is given of a brass bar such as 

Fig. 268 . is frequently used, a small groove being 

made below to facilitate the production of 
the musical tones. 

2427. The investigations of Professor Forbes have shewn 
that Heat can be polarized in the same manner as light, and 
new facts are almost daily presenting themselves in respect to 
it® nature and properties, shewing how great a field of investi- 
gation is still open to the inquiries of science. 


A 
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CHAPTER I. 

Effects of Heat. 

2428. The most important general effects of heat are Expan- 
sion, Liquefaction , Vaporization , Incandescence or Ignition , and its 
effect on chemical action. It also can excite electricity and mag- 
netism. 


Sect. Expansion. 

2429. The amount of space which any given portion of matter 
may occupy, is usually dependent upon the quantity of heat as- 
sociated with it. Further, all substances are in general ex- 
panded by heat, and contracted when it is more or less with- 
drawn. The mode in which this expansion or contraction is 
produced, is not precisely known ; the caloric is supposed to in- 
sinuate itself between the particles of bodies as they expand 
and remove them to greater distances, or at least to induce some 
change in their position, in consequence of which the mass oc- 
cupies a larger space. Individually, the particles are not sup- 
posed to augment in volume. This takes place only in the 
masses which they compose. 

2430. The greater the cohesion of bodies, the less in general 
is their expansion from a given increase of "temperature. Gases 
and vapours expand much more than liquids and solids. Air is 
augmented about 3-8tlis of its volume, mercury l-55th, and 
hammered iron 1— 273d, when heated from 32° to 212°. 

2431. Solids and liquids expand with extreme force when 
heated. Gases when heated have less proportional dxpansive 
power in consequence of their great compressibility. Tena- 
cious solids, such as iron, expand with great force on the appli- 
cation of heat, and contract with g*eat power as they cool. 

2432. The expansion of bodies by heat is not permanent, ex- 
cept the heat be retained by which it was originally induced. 
Hence also, the volume of all substances is subject to i*jrpetual 
fluctuation according to the temperature. Again, heat having 
no appreciable weight, if indeed it has any, the specific gravity 
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or density of all substances is affected by tlieir temperature. 
See Specific Gravity. 

2433. In Solids and Liquids the expansion of different bo- 
dies is extremely dissimilar, none almost being expanded to the 
same amount by the same increase of temperature, whether we 
compare solids with solids, liquids with liquids, or solids with 
liquids. 

2434. Again, the greater the temperature the greater the 
amount of expansion from a given increase. Thus mercury in 
rising— 

From 32° to 122° =90 degrees. The Ratio of Expansion 14. 

From 122° to 212° =90 degrees. Ratio of Expansion 15. 

But many substances are far less equal in the amount of expan- 
sion. Thus in water 

From 32° to 122° =90 degrees. The Ratio of Expansion 4.7. 

From 122° to 212° =90 degrees. Ratio of Expansion 15. 

2435. In Gases the expansion is very uniform, all gases ex- 
panding alike from the same increase of temperature ; this 
amounts to l-480th part of their volume at 32° for every degree 
of Fahrenheit’s thermometer. 

2436. Procure a round bar of iron, whose length is measured 
accurately by an iron gage, and which can be barely passed 
through a round aperture at the extremity of the gage. Heat 
it to redness, and observe that it cannot now be included be- 
tween the extremities of the gage, nor can it be passed through 
the round aperture. Cool it in water to its former temperature, 
and then observe that it has returned to its original volume. 

2437. Put a thin glass flask with a long narrow neck into a 
glass or jug of boiling water, after filling the body with coloured 
spirit of wine. Observe how rapidly the spirit is expanded and 
rises in the neck. Cool it, and allow it to return to its former 
volume. 4 

2438. Fill a flask l-3d or l-4th full of water, inverting it 
afterwards in a basin of water in the manner shewn in Fig. 62, 
page 39, but placing the supporting ring below, instead of above 
the body of the flask. Pour boiling water upon the flask, and no- 
tice the rapidity with which the air expands, which returns again 
tojts fdrmer volume on cooling. If part of the air be expelled 
by the expansion, the water will necessarily fill more of the flask 
on cooling than at first. 
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Movements produced by Expansion in Fluids , in consequence of an 
Alteration of Specific Gravity . 

2439. Few subjects are of more importance in explaining 
many of the phenomena of nature and processes of art, than the 
alteration of specific gravity induced by the application of heat. 
It changes the power of resistance between the substance heated 
and that which receives no augmentation of temperature, the 
colder sinking under the warmer and specifically lighter body, 
pressing it upwards, arriving thus itself at the source of heat, 
and becoming expanded in its turn, after which it is pressed up 
by a succeeding portion, this mpvement being continued so long 
as any inequality of temperature is maintained. On the large 
scale perpetual currents are thus induced in the waters of the 
ocean, the general tendency of which is to transfer the warmer 
water of the equator to the poles along its surface, while a re- 
turning cold current moves from the poles to the equator at the 
bottom of the ocean. In the atmosphere, the same general move- 
ment prevails ; and nothing is a more frequent source of wind 
than the movements induced by alternations of temperature. 
The following practical illustrations will assist the student in 
becoming more familiar with this subject, and they should be 
compared with the illustrations of furnaces and fire-places given 
in page 144, &c. 

2440. Apply heat to a glass- vessel containing water fi*. 259 . 
in the manner shewn in the annexed figure. The 
water in contact with the warm glass expsCnds, the 
colder water in the centre descends ; and the circula- 
tion is continued in this manner so long as any ine- 
quality of temperature is maintained. • 

2441. Pour into two tubes a strong coloured and 
cold solution of litmus, or of any other light vegetable 
colouring matter. Heavy metallic solutions will not 
do for this experiment. Pour upon this with extreme 
caution, boiling water to the height represented in Fig. 260, 
taking care not to disturb the position of the litmus. Allow the 
liquids to cool till both shall have attained the same temperature 
with the air. Then heat the upper portion of one of tlffe tuljes 
till the liquid boils. No currents are induced. The water may 
be boiled away in considerable quantity, without the slightest 
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movement being seen below. The specific gravity of the fluid 
being diminished above, it still tends to remain there. Let the 

’Fig. 260. 



lamp be now applied to the lower part of the other tube ; the 
coloured liquid there immediately expands, the colder colourless 
liquid descends, the currents move as the arrows indicate, and 
in a short time the whole liquid appears of the same tint. 

2442. Let a bent glass-tube be filled with water till it is 
full, and placed under water in a trough or cistern, till another 
smaller bent-tube, also full, is inserted in the 
first, in the manner shewn in the Figure. Let 
it now be well dried, and a lamp be applied to 
the lower part of cone of the limbs. Currents 
may now be seen, which continue to flow, as 
pointed out by the arrows, so long as any ine- 
quality of temperature is maintained. If the 
lower part be filled with coloured litmus water, 
as in the preceding experiment, the circulation 
is more distinctly' seen. 

2443. In the same manner, boilers of metal 
are now constructed on ,the large scale, with 
tubes proceeding from them, by which hot water 
can be conveyed to any apartment, so as to dif- 
fuse K°at in the same manner as a stove, return- 
ing to the source of heat when cool, and advancing again as be 
fore to sustain a proper elevation of temperature. 
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2444. In some cases a higher tempera- 
ture is communicated to the water than 
212°, by confining it in strong tubes, so 
that it is subjected to considerable pres- 
sure. Fig. 262 illustrates Perkins’s heat- 
ing apparatus formed on this principle. 

The water is heatfcd in a coiled tube ex- 
posed to the fire of a furnace, and the tube 
leading the water away from the coil ei- 
tefids into another coil, wherever it is re- 
quired to evolve its heat, a is the pipe 
for introducing the water, # and b the ex- 
pansion-tube, which it is necessary to have 
in this apparatus. 

2445. Kindle some sulphur on a small 
Fig. 263. support, put over it a glass-jar or shade, as in 

Fig. 263, having filled it previously with oxy- 
gen, and observe the currents moving continu- 
ally in the direction a b c ; the warm air being 
pushed up in a central stream by the cold sur- 
rounding air, cooling in its turn as it reaches the 
c top, and then descending in the form of rings 
surrounding the internal ascending current. 

2446. In large apartments heated without any 
attention to the operation of currents, warm air 
may often be seen introduced at a central opening in the floor, 
(Fig. 264,) rising in a direct stream to the*ventilator in the ceil- 

Fig. 265. 



Fig. 262. 
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ing, where it escapes, while cold air may be at the same time 
falling down in a stream from the windows, descending upon 
those who may be next the walls, even though the windows be 
shut, in consequence of the air within being cooled by contact 
with a large surface of glass, or by the cold air admitted at the 
crevices when they are not made air-tight. 

2447. If warm air be admitted into an ^artment by several 
apertures (Fig. 265) instead of one, still, if its temperature be 
considerable, it will tehd to rise at once to the ceiling and escape 
by any ventilator Fig 2 m. 


there, so that the 
air on the floor may 
be very cold ex- 
cepting that in the 
immediate vicinity 
of the apertures, 
while above it 
may be oppressive- 
ly warm. 

2448. If the dis- 
charge at the ceil- 



ing be not proportional 


Flip. 267. 


to the air which can be 
supplied, then, as in Fig. 
266, a considerable re- 
coil will take place, and 
a more uniform tempera- 
ture be attained. In this 
case, the apartment is 
supposed to be heated by 
cases supplied with hot 
water, the ascending 
current being determin- 
ed by their being in con- 
tact with the surround- 
ing air. 

2449. In performing 
chcmicaf experiments, as 
well as in all cases of or- 
dinary ventilation, no- 
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thing is so convenient and economical for determining a steady 
and equal movement of the air as a draught induced by a fur- 
nace rarifying or expanding the air. Hence, a chimney is use- 
ful, not only with the view of producing intensity of heat in fur- 
Fig. 2fi8. nace operations, but al- 

so as affording an exit 
for any acid or other va- 
pours which it may be 
desirable to remove. 
Fig. 267 shews # the ge- 
neral arrangements of 
the ventilating flues in 
his Grace the Duke of 
Roxburgh's experimen- 
tal laboratory at Floors. 
The ventilating flues 
extend through the 
walls, so that an open- 
ing at any part enables 
fumes to be at once car- 
ried off*. The flues in the walls terminate in underground flues, 
which lead to the chimney. Fig. 268 shews the disposition of 
the underground flues. 

Fig. 2<8. 
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2450. The experiments on Respiration and Ventilation, re- 
ferred to in preceding pages, were conducted principally in 
apartments or wooden boxes, in which a given quantity of air 
was admitted by a tube K, the respired air being carried away 
in general by another tube I, by which it was conveyed to a 
chimney. In the figure, the current is represented as entering at 
the roof, and proceeding to the floor ; but, by opening the closed 
valves at B and C, and shutting those at the opposite corners 
A and D, the curreftts may be reversed. It will be obvious, 
accordingly, that the air could be made to circulate, either by 
connecting the tube I with any ordinary chimney, or by pro- 
pelling it with fanners or bellows /it K. 

Fig. 271. 



2451. In the stoves used in many parts of Northern Europe, 
more especially in Sweden, Russia, Prussia, &c., they have the 
form seen in Fig. 270, th<? fire rising to the top of an apparatus 
usually made of earthen ware, and extremely large ; it then de- 
scends on one side, rises on the same side again, crosses to the 
other side, descends and ascends as before, and is ultimately 
carried away to the chimney. Fig. 271 shews the position of 
the flues ; and, in Fig. 272, a ground-plan is given, the letters 
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indicating* in succession those through which the heated air or 
smoke passes in the interior before its heat is exhausted. A 
damper regulates the supply and escape of consumed air. 

2452. In Dr Amott’s stove, the circulation of warm air pro- 
duced by the combustion of fuel is maintained for a long period 
within the body of the stove, and its heat is thus exhausted in a 
great measure before it escapes into the small chimney attached 
to it ; but, in an ordinary open fire-place, a large portion of heat 
escapes by the large chimney, and hence the comparative eco- 
nomy of this mode of producing heat, which, 
like the stoves of more Northern feurope, 
docs not w permit the waste smoke to escape 
till its heat shall have been withdrawn. 
From the figure (273) it will be observed, 
that, while the great mass of the gaseous 
products circulate within the stove, a small 
portion of fresh air is perpetually entering 
to sustain the combustion of the fuel, while 
a proportional quantity of vitiated air escapes. 

Fig. 274. * 





2453. Figs. 274, 275, illustrate the general appearance and 
construction of a fire-place in my experimental class-room, which 
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I have now used for a number of years. It is three feet iii dia- 
meter, and the vent or chimney in the centre descends as the 
arrows indicate, the tendency of the gaseous products of com- 
bustion in immediate contact with the fuel to ascend being over- 
come by the still greater expansion in the large chimney, to 
which the underground flue leads. This fire-place gives an ex- 
tremely powerful heat ; and the heat still associated with the 
gaseous products of combustion, is in a great measure exhausted, 
as in the Swedish or Russian stove, by being led under the floor 
before it escapes into the large vent. The ash-pit is sunk six 
inches under the floor. Nothing tends more to diminish the 
power of any fire-place than placing it considerably above the 
level of the floor. Coke alone is used in the above fire-place. In 
Fig. 129, page 148, it may be seen to the left in connection with 
the vent or chimney into which the products of combustion are 
carried. Should the vent not be already warm, it is necessary to 
kindle a few shavings in it, and produce an^ ascending current, 
before it will draw. 

2454. The ventilation of mines affords a good illustration of 
the movements induced in air by the expansion attendant upon 
the communication of heat to air, the denser and unexpanded 


FiR. 27G. 
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air sinking below, and pushing upwards the warm air produced 
at the bottom of one of the shafts of a mine by the action of a 
large fire. Thus, in the accompanying figure (276), shewing 
the ground-plan of a coal mine, two shafts or pits are repre- 
sented by the two circles, the air descending by the more central 
shaft, and moving, as the arrows indicate, to the farther extre- 
mity of the mine. It then returns according to the course 
marked by the arrows, being led ultimately to a second shaft, in 
which it ascends the furnace by which it is heated, and which is 
the cause of the draught being placed as it passes to the bottom 
of the last shaft, or rather through an aperture in the side, a 
little above the bottom. The annexed figure shews the position 
of the furnace. 

2455. Instead of two shafts, one shaft only is sometimes used, 
being divided into two, as in the annexed perpendicular section 
277 . (Fig- 277). a indicates that half 

by which the air descends, and 
b the other through which it 
escapes after it has traversed 
the mine. The furnace is ob- 
serve at d. When the gas or 
fire-damp evolved in any part of 
the mine is so concentrated that 
it might inflame at the furnace, 
and thus explode the mine or 
set it on fire, a communication 
is then made betweon that part 
of the mine and the shaft, more 
or less above the place where 
the air from the furnace passes 
into the shaft, as at c , by which 
it is removed without uny dan- 
ger of accident. 

2456. Fig. 278 is a ground plan illustrating the progress of 
the air in a mine where the air-course has been divided by a 
partition, to admit of the air proceeding in the manner repre- 
sented. In digging pits, they are often found, in particular 
situations, to fill rapidly with carbonic acid. The g*mnd # in 
some places appears to be saturated with carbonic acid ; and any 
pit or excavation then becomes a cavity into which the carbonic 
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acid gas rapidly flows, in the same manner as water fills any or- 
dinary well. Even in digging grave-pits, the carbonic acid often 
accumulates so as to prove dangerous to the grave-diggers ; and 
of late, several fatal 1 accidents have arisen from this cause. 

2457. The grave-pits at London, Manchester, and some other 
places, are often in some of the churchyards made of large size, 
thirty, fifty, and even a hundred bodies, being occasionally placed 
in the same grave, which in such cases is generally made about 
thirty fefet deep, seven long, and two or three broad. In exa- 
mining some of these, I have found at times, even before any 
burial had taken place, the air so largely impregnated with car- 
bonic acid for twenty-two o~ twenty-three feet above the bottom 
of the grave, as to be incapable of supporting combustion or 
respiration. 

,2458?* A fanner or bellows might, in such cases, be employed 
for renewing the air, or the air may be made to circulate in the 
manner detailed in the preceding examples. In one of the grave- 
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Fig. 279. 



pits above referred 
to, a small moveable 
stove of sheet-iron 
was placed at the side 
of the grave, and a 
flexible hose, or wood- 
en tube, depending 
from it (Fig. 279), 
.drew up continually 
the offensive atmo- 
sphere, the cfarbonic 
acid being thus so di- 
luted with air, as not 
to extinguish the fire. 
The fire can also be 


directly supplied with 

a portion of pure air, when this is necessary. The tube is ex- 


tended as the depth of the grave-pit is increased. 


Exceptions to the Law of Expansion by Heat . 


2559. I. Water, at a temperature between its freezing point 
and 39.38°, presents one of the most curious exceptions to the 
law of expansion. Dr Hope’s experiments proved, in the most 
unexceptionable manner, this curious anomaly ; and Halstrom 
shewed, that it commenced precisely at 39°. 38' of Fahrenheit. In 
Dr Hope’s experiments, thermometers were suspended at the 

top and at tha bottom of 
Flff ‘ 280 ' a tall cylindrical jar, 



provided with a circular 
vessel externally, by 
which heat could be 
communicated or with- 
drawn from the liquid in 
the middle of the jar. If 
the water in the jar be 
at 39.38°, and a freezing 
mixture at zero be ap- 
plied outside, as in Fig. 
280, as th^water falls m 
temperature it expands, 


u u 



G74 


THERMOMETER— HEAT. 


and rises to the top, the thermometer there indicating cold. But 
if the jar be filled with water at 32°, and boiling water be ap- 
plied where the freezing mixture formerly was, then the cold 
water receiving heat becomes specifically heavier, and descends, 
this anomaly continuing till all the water shall have attained the 
same temperature. The movements of water in lakes and rivers 
present many curious fluctuations in consequence of the law that 
has now been mentioned. Sea water is not subject to this ano- 
maly, the saline matter it contains altering its relations to the 
influence of heat.* 

2460. Among the other exceptions to the law of expansion by 
heat, the following more particularly may be noticed. 

2461. II. The contractions of Rose’s fusible inetalt between 
110.75° and 155.75°. 

2462. III. The more permanent contraction of clays by heat, 
these not recovering their volume on cooling. 

2463. IV. The expansion of many fluids as they congeal. 
Iron, and other metals which have this property, take nice and 
accurate impressions as they cool. Even water expands with 
extreme force as it congeals, bursting rocks on the great scale, 
and, in artificial experiments, bursting hollow vessels of metal, 
or other materials, in which it may have been included. 

2464. V. The angles of solids are often altered during the 
action of heat, as Mitscherlich has shewn, so that a body may 
in some cases expand in one direction and contract in another. 
Thus, it may become longer and narrower, or shorter and 
broader, instead of increasing in length, breadth and thickness. 


Thermometer and Pyrometer . 

2465. The sensations give only very imperfect information 
as to the condition of bodies in reference to caloric, and there 
are few precise observations which have been made without the 
assistance of the thermometer, or some corresponding instru- 
ment. In the common thermometer (Fig. 281), a glass ball, 
round or elongated, is filled with mercury, which extends into 

* This subject has been investigated by Blagden, Marcet, Erdman, and Dr 
( Hope! See Edin. Philosoph. Transactions for 1839. 

f Compose* of one of lead, one of tin, and two of bismuth. 
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the stem. To fill the ball, part of the air is in the first Fig. ssi. 
place expelled by expansion, and then the open extre- 
mity is plunged in mercury, which rises in the ’stem, 
and partly fills the ball. By boiling the mercury thus 
introduced, so as to expel the air, and again plunging 
the stem in mercury, the ball and the stem are filled with 
warm mercury, the skill of the glass-blower enabling him 
to exclude all air-bubbles; after which the mercurial tube 
is hermetically sealed, by melting the glass at the 
upper part with the blowpipe flame. 

2466. The thermometer is graduated by placing it 
first into ice-cold water, and afterwards into boiling 
water, marking the place vtfhfcre the liquid remains sta- 
tionary in each case, and dividing the intermediate space 
into smaller spaces or degrees. In this country the 
space between the freezing and boiling points, which are 
ascertained in the manner mentioned, is usually divided 
into 180 degrees. 

2467. The beginning or zero of the scale is 32 spaces 
below the freezing point ; and, as it was soon ascertained, 
that much lower temperatures not only existed at the 
surface of the globe, but could easily be produced by arti- 
ficial means, a series of descending degrees are made by 
continuing to mark off spaces below zero, equal in size to those 
above, the sign — being placed before them. Degrees both above 
and below the freezing point are produced in the same manner, 
viz. by marking off equal spaces above or below thesp points. 

2468. It will be obvious from the pre- 
ceding circumstances, that whether the 
thermometers have large or small balls, 
and long or short stems, still if graduated 
in the manner described, they must all give 
the same indications as those represented 
in the figure 282, where three thermome- 
ters very different in size are supposed to 
be exposed to the same temperature. 

2469. A different System of graduation 
is followed in constructing somei thermo- 
meters, more especially in those used on 
the Continent, where Reaumur’s and the 
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Centigrade are usually preferred. In Reaumur’s, the space 
Reamur*,. d« Luie’a. between the freezing and boil- 

ing points of water is divided 
into 80 degrees. In the Cen- 
tigrade, the same space is di- 
vided into 100 degrees, and 
in De Lisle’s into 150 de- 
grees. In the latter, the ze- 
ro or commencement of the 
scale is at the boiling point, 
and it rises to the freezing 
point, which is accordingly 150 
'degrees. 

2470. Mercury is preferred in making ordinary thermometers, 
as its boiling point is high, its freezing point low, and its ex- 
pansions comparatively regular, from equal increments of heat. 
Towards its boiling point, its expansions are greater than at 
a lower temperature, but these are fortunately very nearly 
counterbalanced by the increased capacity of the glass bulb at 
a high temperature. For very low temperatures, spirit of wine 
must be used, as mercurytis frozen at — 40°, or 39.5. 

2471. Sanctorio, the inventor of the thermometer, employed 

a very different instrument from that now in use. It con- 
sisted of a glass ball, Fig. 284, terminating in a long stem ; part 
of the air having been expelled by 
heating the ball, the stem was placed 
in a coloured liquid, which rose in l J 
it till the contracted air had at- 
tained the temperature of the sur- 
rounding air. A. warm day ex- 
panded the included* air, and the 
liquid descended in the stem. By 
cold, the air was contracted, and 
then the pressure of the atmosphere 
forced the liquid higher than for- ? S 
merly. * g|gj 

2472. The Differential ther- 
mometer, Fig. 285, consists o£ two balls connected by a tube, 
which is partly filled with a coloured liquid. When exposed 
to heat or cold, no change ensues, the balls being equally af- 
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fected, but if one ball be exposed more than another, a change 
then ensues, the liquid always rising in the stem where the ball is 
comparatively cooler, and descending from the other or warmer 
ball. 

2473. Register Thermometers of many different kinds have 
been invented, some of which are worked by clock apparatus, and 
record all the varying temperatures that may be observed within 
a given time. Others again, more simple in their construction, 
express only the highest or lowest temperatures that may have 
taken place. In Rutherford’s Register Thermometers, the highest 
temperature is indicated by the distance to which a sngiall por- 
tion of steel-wire within the tube of the thermometer is pushed , 
during the expansion of the, mercury, and left as the mercury 
retires. In the accompanying illustrations, Fig. 286 shews the 



thermometer set for an observation ; Fig. 287 represents it at 
a high temperature, the steel-wire being pushed forward by the 
mercury ; Fig. 288 shews the steel-wire resting in the same 
position after the mercury has returned as the temperature de- 
clined. 

2474. For registering low temperatures a spirit o£wine ther- 
mometer is employed, a piece of enamel being floated or sup- 
ported at the upper part by the spirit, Fig. 289. As the tem- 




678 


THERMOMETER — HEAT. 


perature falls, the spirit descends, the enamel sinking along 
with it, Fig. 290. But when the temperature rises, the enamel 
remains stationary at the point to which it had descended, Fig. 
291, indicating the greatest cold that had taken place since it 
had been set. 

2475. Instruments for measuring high temperatures are usu- 
ally termed Pyrometers. Of these, the most important is that 
invented by Professor Daniell, by which the temperature is as- 
certained by the expansion induced in a bar of platinum or iron. 
Guyton Morveau proposed a similar method. These instru- 
ments being more complicated and expensive than thermome- 
ters, have not come into general use, but their importance is 
beginning to be appreciated more, and more, and there are few 
things that would assist more in the progress of chemistry than 
the discovery of any method by which high temperatures could 
be measured with the same facility as ordinary temperatures are 
ascertained with the common thermometer. 

2476. Wedgwood’s pyrometer was formed of a bar of brass 

having grooves which were narrower at one extremity than at 
the other ; with it the intensity of heat in any furnace was esti- 
mated by the amount of contraction induced in small pieces of 
clay, this being ascertained by the extent to which they passed 
along the grooves after they had been subjected to heat. But 
the impossibility of procuring pieces of clay of the same quality, 
and the circumstance that a long continued low heat has been 
found to produce the same effect as a high temperature during 
a shorter period, proved insurmountable objections to its ge- 
neral use. * * 

2477. Sir J. Herschefs Actinometer, derived from aycnv 
the sunbeam, is a very delicate thermometer by which the in- 
tensity of the action of the rays of the sun is measured apart 
from the cooling influence of surrounding objects. It has a 
large bulb made of transparent glass, which is filled with a 
dark blue liquid, and by observing the comparative effects pro- 
duced — 1. When exposed in the shade for one minute, 2. When 
exposed to the rays of the sun for the same time, 3. When again 
exposed in the shade ; — the actual influence of the sun upon 
this instrument for one minute is determined by subtracting the 
mgan o£ the two indications in the shade, from the amount in- 
duced on direct exposure to the sun. 
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2478. By soldering bars or leaves of metals of unequal expan- 
sibility, very delicate instruments have been constructed for indi- 
cating minute changes of temperature. When they are used as 
thermometers, they must be graduated by comparing the move- 
ments induced in the bar with the expansions in the common 
thermometer. One extremity of the bar is fixed, and to the 
other is attached a moveable index ranging along a graduated 
scale. 


Liquefaction. 

2479. Two elements only are liquid at natural temperatures, 
viz. Bromine and Mercury. But the liquid condition is acci- 
dental, and dependent on the heat present in bodies and their 
peculiar relation to caloric. It is universally admitted, accord- 
ingly, that all solids may be regarded as frozen liquids, and all 
gases and vapours as evaporated liquids. 

2480. All solids, as they are melted by heat, consume or ab- 
sorb caloric without being elevated in their temperature. This 
heat is said to become Latent, in the language of Dr Black, 
who made this important discovery, and is often termed also 
Combined or Insensible caloric, as it *does not afFect the ther- 
mometer. It is equally returned during consolidation without 
any reduction of temperature. 

2481. The melting point varies extremely in different sub- 
stances. Alcohol is fluid at the lowest temperatures hitherto 
produced. 

2482. In vacuo, it is affirmed that a much lower temperature 
than usual is required to effect the congelation of water, but that 
the moment it commences, the latent heat evolved escapes so 
quickly as to elevate immediately the temperature of the remain- 
ing fluid to the ordinary freezing point. 

2483. The amount of latent heat required for the melting of 

each individual solid is generally very various. That required 
for melting fee would elevate the temperature of an equal weight 
of ice-cold water 140 degrees. # 

2484. Were there no latent heat required during the melting 
of solids, nor any evolved during the congelation of liquids, mat- 
ter would be extremely prone to change its form suddenly the 
moment it attained a particular temperature ; but the large quan- 
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tity of latent caloric required for liquefaction, and that evolved 
during the freezing of water, equally tend to mitigate the ex- 
treme heat and cold that would be otherwise observed at the 
surface of the globe. The same cause prevents frequent inun- 
dations from being produced by the sudden liquefaction of ice 
and snow, and large quantities of ice from being locked up sud- 
denly in the solid form, by the immediate congelation that 
would otherwise attend a reduction of temperature to the freez- 
ing point. 


2485. Liquids present many curious phenomena dependent 
upon the extreme mobility of their particles. Less cohesion is 
observed in them than in solids, and so great is the facility of 
movement in the particles, that they pass at times even through 
membranous bodies in opposition to their natural gravity, as in 
cases of exosmic and endosmic action, where an inward and 
outward movement of liquids may be traced through membra- 
nous matter, or even through porous earthy substances. Thus 
if a portion of milk and sugar be introduced 
into a bottomless jar, Fig. 292, a tube rising 
from the tubulure, and the bottom of the jar 
being covered carefully by a piece of mem- 
brane, a portion of the milk slowly exudes, 
but a larger quantity of the water enters, if 
it be placed under water as shewn in the 
figure. The fluid to which the membrane or 
other interposed matter is most permeable, 
always moves towards the others, the viscid 
liquid combining with it as it enters. An 
elbctric action is also considered to take place 
in many cases, and facilitate the movement. 
Dutrochet, whose experiments and observa- 
tions led to the discovery of this curious sub- 
ject, has published a number of interesting details as to these 
exosmic and endosmic movements, which are considered to ex- 
plain many facts in the history of the animal, vegetable, and 
mineral kingdoms. 
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Sect. III. Vaporization — Gases- -Spontaneous Eva- 
poration. 

2486. Vaporization is the rapid production of a thin and at- 
tenuated vapour from a liquid by the direct action of heat. Some 
solids pass at once to the .gaseous condition, without previous 
liquefaction, and others have their melting and boiling points 
so near, as camphor, that if a small portion be heated in a tube, 
at #ic same moment part may be observed melting on the ap- 
plication of heat, another part boiling, and a third part conden- 
sing in a solid form from a state of vapour. 

2487. Bodies that are converted into vapour with facility are 
said to be volatile ; those that require a high temperature are 
usually termed fixed. 

2488. Great expansion usually attends vaporization. Water 
expands 1696 times its bulk, calculating from its point of greatest 
density. Hence it would explode like gunpowder were a large 
quantity to become vaporized at once. 

2489. Dr Black shewed that a large quantity of heat becomes 
latent as water is converted into vapour, viz. (according to the 
average of different calculations) about as much as would ele- 
vate the temperature of an equal weight of water by 1000 de- 
grees were it still to remain liquid. The long time required 
for the supply of this large amount of heat, prevents much water 
being evaporated at once, and hence, in ordinary ebullition, 
there is no violent explosion. 

2490. All liquids obey the same law as water in 
passing to a state of vapour, but the quantity of 
heat that becomes latent in each is very different. 

2491. To illustrate the expansion attending va- 
porization, fill a glass bulb terminating in a long 
tube with water, and then introduce a portion of 
ether, and, before it disappears, by combining with 
the water,' pour boiling water freely upon the glass 
bulb, supporting it on the ring of # a retort stand. 

The ether soon expands to a great degree as it is 
converted into vapour. 

2492. All fluids do not expand in the same de- 
gree, when they are vaporized. Alcohol expands 
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so much less than water, that its vapour is heavier than that of 
water, though, in the liquid form, it is specifically lighter. 

2493. V ArouRs resemble gases, but are rendered fluid with 
comparative facility. They are extremely elastic, condensing 
as they are subjected to pressure, and expanding as they are re- 
lieved from it, in the same mann^p as gases. 

2494. The process of distillation depends upon the diffe- 
rent volatilities of different substances, so that by the ap- 
plication of a cautiously regulated temperature, those that are 
more volatile are converted into vapour, while the others are 
left. 

2495. The apparatus commonly em- 
ployed for distillation is the still.and re- 
frigeratory. See page 33. The still is 
often surmounted by a dome or head, as 
in Fig. 294, which assists in guarding 
against any tendency in the materials in 
the still to boil over, by condensing the 
less volatile vapours as they arise. 

2496. A more conical form, 

Fig. 295, is found to be more 
economical, as it does not re- 
quire so much heat to keep it at 
a proper temperature. The fire 
must be very carefully attended 
to in all cases of distillation. 

2497. In the distillation of 
spirituous liquidsfrom fermented 
fluids, an extreme tendency to 
produce froth has been observed, the addition of a small quan- 
tity of soap has been fcfund to diminish in many cases the ten- 
dency of such fluids to boil over. 

2498. The refrigeratory has been made 
of very various forms ; it is commonly con- 
structed in the manner referred to, page 33, 
or as seen in the adjoining figure, the tube 
receiving vapour from the still being repre- 
sented by the dotted line, and surrounded 
bytcold ftater placed in the containing ves- 
sel. It may now, however, be frequently observed of a very 
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different form, as in Fig. 297, where the part in which the va- 
pour is condensed may be seen surrounded on every side by a 
stream of water ascending from below, from A by C, and escap- 
ing above by B, as its temperature is elevated by the vapour a, 
which it condenses. In Fig. 295, a very strong condenser is ob- 
served entirely surrounded witlnsvater. 

2499. The vapour is also frequently condensed by a series of 
receivers, as in Fig. 298, where the more volatile portions are 
procured in the receiver most distant from ^he still. 

. Fig. 297. * FIff. 290. 



2500. When a solid is deposited instead of a liquid in the con- 
densation of vapour, it is said to be sublimed, and the process 
is termed sublimation. On the small scale, a flask, a retort, or 
a glass cucurbit may be used. It consists of two parts, Fig. 299, 
the upper portion condensing the sublimate, and any liquid se- 
parated during the process being removed by the spout. 

2501. The boiling point of different fluids is influenced by the 
nature of the vessel in which they are subjected to heat. Water 
boils at a temperature about two degrees lower in metallic thaif 
in glass vessels. The vapour appears to escape more easily in 
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metallic vessels, especially if they be rough inside. Fill a glass 
flask nearly full of boiling water, and apply heat so that the 
water shall boil. Remove it from the heat, and when the ebul- 
lition has completely ceased, throw in some iron filings, a few 
small nails, or a small piece of a metallic chain ; in general, a 
brisk ebullition immediately commences, the metallic matter fa- 
cilitates in a greater degree the production of vapour by the na- 
ture of the surface it presents, than it opposes vaporization by 
the heat it withdraw^ from the warm fluid. 

2502. Many other solids produce similar effects. Some solu- 
tions in ether and alcohol boil at a temperature nearly 30° or 
40° lower than usual, when mixed suddenly with solid substances 
in a minute state of division. 

2503. All vapours are transparent, but some are coloured of 
various tints, as iodine, nitrous acid, &c. When exposed to cold 
they are condensed with explosive rapidity, and the latent heat 
they contain is evolved, so that they part with much heat as 
they change their form without falling in temperature. 

2504. Introduce into a glass or other vessel full of water, a 
tube connected with a boiler producing steam, the tube being 
so narrow, and the steam coming so quickly, that there shall bp 
no danger of regurgitation. The steam is condensed suddenly, 
and with a loud noise as it enters the cold water, from the move- 
ments induced by it in the water, and the subsequent collapse of 
the water as the steam is condensed. 

2505. Take two equal portions of cold water, and condense 
steam into one of them till it be heated to 212° ; weigh the 
amount to which it is now increased by the condensation of the 
steam, and add to the other an equal weight of boiling water. 
The steam heats the cold water much more than the boiling 
water, communicating heat not only in consequence of the ex- 
cess it had as boiling water, but also all beyond this which was 
essential to its existence as steam. 

2506. Influence- of Pressure. A number of illustrations 
of the influence of pressure upon the production of vapour ha- 
ving been given under the history of water and atmospheric air, 
it will be sufficient here to state the more important facts in re- 
ference to this point. 

t 25 (t 1 /. At 212° boiling water .produces steam, having barely 
sufficient elasticity to overcome the pressure of the air and rise 
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against it. Water does not attain a higher temperature under 
ordinary circumstances, as the steam then escapes, carrying along 
with it all excess of heat communicated to the water. 

2508. If steam be produced in a boiler, and then be prevented 
from escaping by shutting all the apertures, it is compressed by 
the succeeding steam that is formed, if the heat be still con- 
tinued. The degree of compression is proportionate to the 
amount of new steam produced, and the area into which it is 
forced. The steam thus becomes denser and denser, it presses 
more -and more upon the water in the boiler, and the tempera- 
ture rises higher and higher. Accordingly, 

The greater the pressure to which it is subjected, 

The more elevated the ti^ImPerature required to produce it, 

The greater its density, and 

The greater its elasticity or pressing power. 

Hence the pressure exerted by vapour may be inferred from 
its density or temperature, — its density from its pressure or tem- 
perature, and its temperature from its pressure or density.* 

2509. Steam* is always of the same temperature with the water 
from which it rises, though in numerous cases where it is af- 
fected by local circumstances, a great* fluctuation in different 
parts of the same apparatus may be observed, especially when 
it is very complicated, as in the locomotive engine. 

2510. The density or elasticity of steam increases in a greater 
ratio than the temperature. Thus it is, 

If at 212° 4 at 293.7 16 at 398.48 

2 at 250°.5 8 at 341.78 24 *t 435.50 , 

2511. When the steam is very dense, it is termed high pres- 
sure steam, and presents, in this condition, some peculiarities. 
In particular, if allowed to escape from the containing vessel, it 
instantly expands, becomes cold, ceasing to be high pressure 
steam, and produces a cloud of vesicular vapour, mixed with air 
and moisture from the condensed steam. The hand placed in, 
this mixture is not scalded, and hence the origin of the familiar 
saying, that high pressure steam does not burn the hand, though, 
in reality, it ceases to be high pressure steam before it reaches 

* See 'table of Elastic Force of Vapour, 
t Equal to the pressure of one atmosphere. 
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Fig. 800 . the hand. If the square figure (300) sur- 

rounded by the plain lines represent steam 
having sixteen times its previous density, and 
consequently at a high temperature when it 
escapes into the open air, it will immediately 
expand to a great degree, occupying sixteen 
times the space it did before, represented by 
the dotted lines ; and accordingly, it is ob- 
vious that the caloric, which kept it at a high temperature within 
the boiler, will no longer be able to do so when it is diffused 
over so much more space. 

2512. A reduction of pressure facilitates vaporization, vapour 
being then formed at a lower ielnperature. 

According to Professor Robison, when fluids 
are entirely relieved from pressure, they boil 
at 140 degrees below their usual boiling 
point. If ether (sulphuric) be placed in an 
ale-glass (Fig. 301), and relieved from the 
pressure of the air, by placing it in the air- 
pump receiver, and exhausting the air, it 
boils with rapidity at natural temperatures, 
and produces so much«cold by the latent heat 
carried away in its vapour, that water may 
be easily frozen in this manner in a tube, by 
placing it as represented in the figure. 

2513. The quantity of heat that becomes 
latent varies with the temperature ; the 
greater the temperature, the less the latent heat. The total 
amount of heat in steam appears to be always the same, whether 
formed in a steam-engine boiler, or by evaporation from the sur- 
face of the ocean. Hence, there is no economy of fuel in dis- 
tilling at a low temperature, but other advantages often result, 
as when water is to be evaporated from any matter which might 
be apt to be. decomposed at its ordinary boiling temperature.* 


Fig. 301. 




Arrangements adopted for Vaporization . 

2514. On the small scale, an endless variety of processes may 
be resbrted to for producing vapour, the general nature of which 
* See water and atmospheric air, for distillation at low temperatures, &c. 
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will be sufficiently understood from the experiments and pro- 
cesses described in former parts of this work. The following 
illustrations refer more especially to the modes adopted for pro- 
ducing vapour rapidly in very large quantities. 


Fi # 7. 302. 



Fig. 303. 



2515. Fig. 302 represents one of the more common modes of 
heating a boiler, the fire being placed below, and the flame and 
hot air from it afterwards circulating round it before it escapes 
into the chimney. 

2516. In Fig. 303 the fire is observed in the interior of the 
boiler, instead of being placed below it as in the preceding case, 
circulating afterwards round the boiler by b and d. 

2517. Again, in Figs. 304, 305, and 306, the arrangements 

adopted in some marine boilers are shewn, by which steam is 
generated very quickly from the large heating surface brought 
into play. • * 


Fig. 304. 



Fig. 304 is a longitudinal section of the boiler, the fire resting 
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on the furnace bars at A, the water in the boiler 
being above and below the fire, as well as on 
either side. Several of the letters refer to all 
the three wood-cuts. I is the principal chimney. 

Fig. 305 is a ground plan, illustrating more 
particularly the movement of the hot air from 
the furnace through a third part, viz. the central 
division of the boiler before it terminates in H, 
which leads to the srrjall branch Fig* 306. 
chimney b , forming the cen- 
tral third of the large chimney 
I, Fig. 306. I receives also a 
and c from the other divisions 
of the boiler not seen in Fig. 

305. 

Fig. 306 gives a transverse 
section of the chimney with 
the flues «, 5, c , as they proceed 
from the separate parts of the 
boiler. 



Fig. 805. 



2518. Where a large quantity of high pressure steam must be 


Fig. 807. 
B 



produced within a small area, the arrange- 
ment adopted in Stephenson’s locomotive en- 
gine is considered the best. Fig. 307 shews 
a transverse section of the fire box surrounded 
by the boiler containing water, and the ex- 
tremities of a series of tubes which convey 
‘the hot air through the rest of the boiler to 
produce more steam. In Fig. 308 a longitu- 
dinal section of the fire box is given, and also 
of *the rest of the boiler, shewing part of the 
tubes as they communicate with the chim- 
ney. The progress of the steam from B 
may be traced by b and c to D, the piston 
to be moved by its ‘impulse, while the steam 


on the other side escape** by a course (partly concealed) to 
F, from which it is projected into the chimney. The more 


quickly the steam is projected into the chimney, the more rapidly 
does ft ie fire bum, the draught being greatly increased by the 
mechanical impulse communicated to the air in the chimney. 



/ 

2520. Instead of operating in this manner, IVIr Goodlet uses 
a high pressure boiler as an enormous water bath (Fig. 309), 
the liquid to be evaporated being made, with the assistance of a 
force-pump, to traverse the boiler, arranged as above with a* 
safety-valve. It produces vapour with great rapidity from the 

x x 
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large area at a more elevated temperature, with which water can 
thus be brought so quickly in contact. 

2521. If the object be not so much to produce steam for any 

Fig. 310 . special purpose, but rather to dis- 

sipate water from any solid in so- 
lution, the liquid is usually heated 
in an open pan or boiler, or the 
flame may be made to sweep oveflr 
its surface after placing it on the 
floor of a reverberatory furnace. Page 242, Fig. 176. 

2522. * If the evaporation be conducted with the view of boiling 

away the water from a con- 
centrated solution of salt, 
a pan (Fig. 310) or boiler 
(Fig. 311) is often con- 
structed or built up, so that 
the salt, as it is deposited, 
may fest upon a part not 
exposed in any way to the 
direct action of the fire, and 
from which matter it may 
be gradually removed from 

time to time by ladles and baskets, as it accumulates. Were it 
permitted to fall upon a hotter part of the boiler it would be apt 
to form a hard crust, and the iron might be injured by the heat 
of the furnace. 


Fisr. 311. 




Gases. 

2523. Gases are now considered as the vapours of fluids which 
boil at so low a temperature, that they remain permanently in 
the gaSeous condition under ordinary circumstances. Air ac- 
cordingly may be regarded as a vaporized liquid. It is, at ordi- 
nary temperatures, already beyond its boiling point. No at- 
tempts have hitherto succeeded in reducing oxygen, hydrogen, 
or nitrogen, to the liquid form ; but Dr Faraday pointed out, 
that many other gases could be condensed into liquids with the 
assistance of great cold and pressure. 

2524. The usual method of proceeding consists in introducing 
the materials required for the production of the gas to be tried 



GASES. 


691 


into a glass-tube, of the form represented in the annexed Figure 
(312). The tube is sealed hermetically ; and the materials being 

mingled in one extremity, which 
had previously been kept separate, 
the condensed gas appears in the 
other, which is generally kept very 
cold. Occasionally, as in preparing 
liquid cyanogen, one material alone is introduced into one end 
of the tube. In this case the bicyanide ofmercury is employed ; 
the 'cyanogen is expelled by heat, and condensed in t(ie other 
extremity of the tube. 


Fig. 312. 



Table shewing the Temperature and Pressure required to Liquefy the 
following Gases : — 


Gases. 

Pressure. Temp. 

Gases. 

Pressure. 

Temp. 

Sulphurous Acid, 

2 

45 

Sulphurated Hydrogen, 15 

50 

Cyanogen, 

.3.6 

45 

Carbonic Acid, 

36 

32 

Chlorine, 

4 

60 

Muriatic Acid, 

10 

50 

Ammonia, 

6.50 

50 

Nitrous Oxide, 

50 

45 


2525. Carbonic acid gas has been condensed in larger quanti- 
ties than any other. It is a transparent and colourless liquid, 
and evaporates with extreme rapidity when relieved from pres- 
sure. It produces, as it evaporates, the greatest degree of cold 
hitherto observed ; and part of it is frozen by the cold arising 
from its own evaporation. In this condition it resembles snow, 
and may be easily handled, notwithstanding its exceedingly low 
temperature, in consequence of its bad conducting power. I 
have retained portions in my mouth for a considerable period 
before they were dissipated : it does not«melt, but passes slowly 
to the gaseous condition. • 

2526. Thilorier was the first who prepared large quantities of 
carbonic acid, and rendered it solid. For this purpose it is usu- 
ally collected in a large receiver, and becomes solid as it escapes 
when the stop-cock is opened. Mr«Addams has constructed an 
improved apparatus for preparing it, which he described at the 
Newcastle Meeting of the British Association. Dilute sulphuric 
acid and sesquicarbonate of soda are often used in preparingjt. 
The annexed Figure (313) represents the mode in which it has 
been prepared by Mr Smith, a a is an extremely strong cast- 
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iron vessel,* containing fragments of 
carbonate of lime ; 6, the aperture 
by which they are introduced ; c, a 
force-pump by which muriatic acid 
may be made to ascend through the 
fragments of carbonate of lime ; d, 
the receiver in which the carbonic 
acid is collected. By appropriate 
stop-cocks, more carbonate of lime 
may be introduced, and the muriate 
of lime already formed withdrawn. 

The carbonic acid is liberated as 
the muriatic acid takes the lime, 
and gradually becomes liquid as it 
accumulates in the receiver. 

2527. Some of the gases not 
hitherto condensed have been subjected to a pressure equal to 
eight hundred atmospheres ; and, in carrying on such experi- 
ments, it has been ascertained, that the amount of condensation 
w r lien liquefaction does not ensue is not in every case propor- 
tional to the pressure, as Had been formerly maintained. Sul- 
phurous acid, liydrosulphuric acid, ammonia, and cyanogen, are 
not reduced in bulk in the same ratio as atmospheric air when 
subjected to the same pressure. 

2528. Condensed gases may be used as a powerful means of 
producing extreme cold. Solid carbonic acid mixed with sul- 
phuric ethfcr freezes mercury quickly as it evaporates. The 
ether improves the conducting power of the carbonic acid. 
Tliilorier produced a reduction of temperature of — 185° by the 
evaporation of the carbonic acid. 

Diffusion of Gases. 

2529. If a bottomless bottle be tightly corked, filled with 
water, and placed upon the shelf of a pneumatic trough, it may 
then be used as a pneumatic jar in the following experiment. 
Fill it half-full of oxygen, and then cautiously fill it up with car- 
bonic add gas, while it rests upon the shelf or stool of the pneu- 
matic trough. Then remove the cork, and introduce a suspended 

* The iron vessel is protected internally from the acid by lead. 
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candle. It burns brilliantly in the upper stratum of oxygon, but 
is extinguished in the carbonic acid below, being kindled again 
as it is drawn upwards into the oxygen. Hence, gases of dif- 
ferent densities do not mingle rapidly with each other, at least 
to any great extent. But if the oxygen and carbonic acid be 
left together for a considerable time, they gradually diffuse 
themselves through each other, part of the heavy car- 
bonic acid rising, while a portion of the lighter oxygen 
descends. 

If two gases be taken still more dissimilar in their # 
specific gravities, as hydrogen and carbonic acid gases, 
the same general result is ^obtained. By placing the 
lighter gas in a bottle, which is inverted over the 
other, with the carbonic acid, as in Fig. 314, connect- 
ing them by a narrow tube, greater obstacles are op- 
posed to any mutual diffusion ; but part of the light 
hydrogen descends, while the carbonic acid ascends. 

2530. According to Dalton, who was the first to en- 
ter upon this very curious investigation, one gas acts 
as a vacuum to another. The particles of any gas repel each 
other,* but the particles of one gas do not repel those of another. 
These views, however, have not been generally entertained, and 
there is considerable diversity of opinion as to the causes of the 



diffusion of gases through each other. 

2531. Dobereiner has shewn, that hydrogen escapes 
in some cases through a small crack in a glass-jar 
standing over a pneumatic trough, and with so much* 
force, that the water rises to the height of one or two 
inches, or more. Professor Graham, in extending 
his researches on this subject, ascertained that air 
always enters as the hydrogen escapes, and has in- 
troduced the term diffusion voi.umn, to express the 
peculiar diffusive power of each individual gas, which 
depends upon its specific gravity. 

2532. In many of Professor Gfaham’s experi- 
ments, tubes open at one end, and closed at the 
other with plaster of Paris, were employed. They 
may be filled with the gases by introducing a long 
tube, in the manner shewn in Fig. 315 ; the atmo- 
spheric air being expelled by the introduction of a 
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large quantity of gas, while the tube is slowly with- 
drawn. It is necessary to adopt this or some other 
mode by which the plaster of Paris shall not be 
moistened. Professor Graham uses a bent tube, ar 
in Fig. 316, and then depresses the whole in wates 
till the air in the experimental tube shaUhave been 
expelled through the bent tube, after which ’^it is re- 
moved and the gas introduced, the small quantity of 
atmospheric air not extracted having been’carefully 
noted. In experimenting over mercury the above 
precaution is unnecessary. 

2533. Fig. 317 represents one of Professor 
Graham’s diffusion tubes in action after being filled 
with hydrogen gas, &c. A, the extremity closed with 


Fig. 316. 



the plaster of Paris ; B, the water into Fig. 317. 


which the open end of the tube is 


placed ; C, the height to which the 
liquid may have risen in a given time. 
A tube from six to twelve inches long, 
and half an inch, or an inch in diame- 
ter, is sufficient for these experiments. 

2534. Gases diffuse themselves with 
very various degrees of rapidity, hydro- 
gen and other light gases diffusing 
themselves much more rapidly than at- 
mospheric air. According to Professor 
Graham, cl gases should rush into a 
vacuum, with velocities corresponding 
to the numbers which have been found 
to express their diffusidn volumes, that 
is, with velocities inversely proportional 
to the square root of the densities of 



the gases.” 


2535. Gases may be diffused through many substances besides 
dry plaster of Paris ; but in Sbmo cases, as in permeating through 
membranous bodies, absorbable gases at least are considered to 
unite with the substance of the membrane or water contained 
inrit, antf then to be transferred to the opposite side from that 
at which they enter, evaporating subsequently from it. It is 
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generally agreed, that gases must be condensed or liquefied be- 
fore they can pass through liquids. 

2536. Drs Mitchell and Faust have ascertained many interest- 
ing facts as to the passage of different gases through membranes* 
Ammonia is most rapid in its movements, while the same quan- 
tity of carbonic oxide is 160 times longer in permeating the 
same membrane. Great force is also exerted in permeating 
membranes. A bladder, half-full of air, expands when placed 
in an atmosphere of carbonic acid standing over water, and is 
often Jd urst if it be left there for a long tiihe. In general, the 
more readily gases are condensed by water, the greater the faci- 
lity with which they pass through membranes. 

• • 

Spontaneous Evaporation. 

2537. Spontaneous Evaporation is a term usually applied to 
designate the production of vapour by some natural agency 
without the direct application of heat. In considering it gene- 
rally, we shall include those cases where it takes place without 
ebullition, even though it may be assisted by a moderate appli- 
cation of heat. 

2538. Moisture is supposed to diffuse itself through the air 
when evaporated, in the same manner as gases diffuse themselves 
through each other. 

2539. Many fluids and solids evaporate at natural tempera- 
tures, and, from the moistened surface of the earth, as well 
as from the ocean, water is almost continually evaporating or 
undergoing a kind of natural distillation, arid formirfg that va- 
pour which is returned again as rain, snow, hail, dew, or hoar- 
frost. 

2540. It was a common opinion at <Tne time, that minute 
quantities of vapour were continually emanating from all bodies 
at the surface of the earth, but Dr Faraday’s experiments have 
not supported this view. 

2541. Cause of Evaporation. Dalton has shewn that heat 
is the great cause of evaporation. Ill the same space the same 
quantity of water evaporates whether air be present or not, 
other circumstances being equal. Evaporation takes place 
more rapidly in vacuo than in air, but not to a greater extenj. 
Evaporation goes on more quickly in a current of air than in a 
stagnant atmosphere, the superincumbent moisture being swept 
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away by the current, and an opportunity afforded for further 
evaporation.* 

2542. Great cold is produced by liquids as they evaporate. 
Water and many other fluids may be frozen by the cold pro- 
duced by their own evaporation. Where water is used for this 
purpose, it may be placed in a porous earthen cup in the man- 
ner recommended by Sir J ohn Leslie, supporting it as in the 

Fig. 3 w. annexed (Fig. 318), in a broad shallow 

r^s dish containing sulphuric acid, the whole 

* being placed on the plate of an air-pump, 

{ — /\ and covered by a glass receiver. As the 

receiver is exhausted, part of the water 
evaporates* and is condensed by the acid, 
and at last the remaining water is fro- 
zen. 

2543. Spontaneous evaporation is much influenced by a number 
of circumstances, especially, 1. The volatility of the evaporat- 
ing substance ; 2. The temperature ; 3. The pressure ; 4. The 
condition of the superincumbent air in respect to moisture ; 
5. The extent of surface from which the evaporation proceeds. 
The influence of the air has been already adverted to. The 
more volatile any substance is, the more rapidly does it evapo- 
rate. The greater the extent of surface also, the greater the 
evaporation. 

2544. Temperature. The higher the temperature, the 
greater the evaporation. The terms tension, foiice, or elas- 
ticity of vapour, signify the force with which vapour presses 
or resists pressure,* and the higher the temperature, the greater 
is the tension, and consequently the density of the vapour, ex- 
actly in the same manner as in vaporization.-f- The following 
table shews the elasticity or pressing power of the vapour of 
water at different temperatures below its boiling point, the elas- 
ticity being measured by its power of supporting a column of 
mercury ; the height is expressed in inches. 


Temp. 

Elasticity. 

Temp. 

Elasticity. 

6.53 

32 

0.200 

145 

52 

0.401* 

173 

13.02 

73 

0.79C 

205 

26.13 

96 

1.63 

212 

30.00 

119 

3.25- 




The elastic force of vapour below the boiling point of water, is 

* See Water, Water-hammer, Cryophorus. 
t See Vaporization. 
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estimated most conveniently by introducing a little water into 
a barometer tube filled in the usual manner, heating the baro- 
meter tube afterwards to various temperatures, so as to observe 
the degree to which the mercury is depressed. 

2545. Pressure. Spontaneous evaporation is influenced in 
the same manner by pressure as vaporization. The illustrations 
under water and atmospheric air, with the water-hammer, pulse 
glass, cryophorus, distillation in vacuo, &c. sufficiently explain 
this subject. See also paragraph 2542. a Pressure retards and 
opposes evaporation, but when the temperature is constant, the 
same amount of moisture is always found in the same -space, ac- 
cording to Dalton, whatever be the pressure. 

2546. In common language, moisture in the air is said to be 
dissolved or combined with it, but in a more strict sense, the 
moisture may be said to be diffused through the air in the same 
manner perhaps as gases are diffused through each other. 

2547. From the amount of moisture always diffused through 
the air by spontaneous evaporation, it is always necessary to 
dry it carefully before it is employed in all precise experi- 
ments. This is usually effected by passing it over chloride 
of calcium, which attracts the in gist urc. Thus, before any 
portion of air or gas is weighed, it is usually introduced into a 

flask of the form re- 
presented in Fig. 319, 
after it has been ex- 
hausted of air, the gas 
or air that enters being 
made to pass slowly 
through a tube attach- 
ed to the flask in the 
manner shewn, after 
it has been filled with 
chloride of calcium in 
small fragments. In- 
stead of chloride of calcium, any other substance having a power- 
ful attraction for moisture may be used. 

2548. Again, in drying any substance at a fixed temperature, 
air dried by passing it over chloride of calcium in small frag- 
ments, is often made to pass over the subject of experiment, 
this being arranged in the manner shewn in Fig. 320, a , is a cru- 
cible chauffer with a triangular frame of iron supporting the 
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vessel ; in b water or any other fluid may be maintained at 
Fig- 320 . a constant tempera- 

ture ; c, the tube for 
the chloride of cal- 
cium by which the air 
is dried ; f, the ap- 
paratus for contain- 
ing the matter to be 
dried ; A, a syphon- 
tube by which the 
water is slowly re- 
moved from the ves- 
sel attached to f when the atmospheric air necessarily follows 
in the course cfdg\ A, a funnel for introducing more water, 
when the syphon is removed, that the air may be expelled. 

2549. Air is charged to a much greater extent with moisture 
in summer than in winter, but this is not so perceptible in con- 
sequence of the superior temperature rendering it much less 
prone to deposition. 

2550. Hygrometers are instruments for ascertaining the con- 
dition of the air as to moisture. Of these instruments a great 
variety have been contrived ; the following are the most import- 
ant varieties. 

2551. 1. Many substances alter their volume much when ex- 
Fig.321. posed to dry and moist air, such as a human 

hair, a small thread of whalebone, the beard of a 
wild oat, or a piece of catgut. To convert any of 
these into a hygrometer, a portion is taken of a 
given length and kept in air saturated with mois- 
ture till it undergoes no farther change of vo- 
lume. I\s length is then noted upon a gradu- 
ated scale, and compared subsequently with its 
length after being kept in air absolutely dry till 
it is no longer affected. In this manner, the 
extreme points are laid down indicating the 
greatest amoilnt of dryness or moisture, and the 
space between them is usually divided into 100 
degrees. The fibre employed is usually kept 
stretched with a moderate weight. The Fig. 321 
represents De Luc’s Whalebone Hygrometer, a small spiral 
circle of wire is attached by a hook to the whalebone, and moves 
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the index, as the latter expands or contracts. The temperature 
must always be carefully attended to in estimating the amount 
of moisture in the air. 

2552. 2. Daniel’s Dew-point Hygrometer, Fig. 322, con- 
rig. 322. sists of a small cryophorus containing ether 

c, in one of the balls, and a thermometer b, 
immersed in it. The empty ball is sur- 
rounded with muslin, and on pouring ether on 
it, the vapour of the eflier in the interior is 
condensed, and more evaporates quickly from 
the other ball, producing cold which is indi- 
cated by Jhje thermometer L The ball with 
the ether is then carefully examined, and 
the moment dew appears deposited on its 
surface, the temperature of the ether is care- 
fully noted and compared with the tempera- 
ture of the air at the moment by inspecting the thermometer a. 
The greater the reduction of temperature before moisture is de- 
posited upon the ball, the drier is the air ; less and less cold is 
required to cause a deposition of dew^ the more largely the air 
is charged with moisture. Both balls of the small cryophorus 
must be carefully freed from air by boiling ether in one of them 
as in c for some time, and then sealing the other, 6, hermetically, 
the cold produced by the evaporation of ether poured upon the 
ball without the thermometer condensing the vapour within so 
rapidly that ether necessarily evaporates quickly from the other 
ball. Many varieties of DanielPs hygrometer have * Fig. 323 . 
been contrived, in which it is used in a more simple 
and less costly form, as in Jones’s hygrometer, and 
also in Adie’s ; different opinions have* been ex- 
pressed as to the comparative accuracy of their in 
dications. 

2553. 3. In Leslie’s Hygrometer, Fig. 323, his 
differential thermometer is used, one of the balls 
being covered with muslin that it may be easily 
moistened, and with it the degree of moisture in the 
air is indicated by the cold produced in the moistened 
ball, the reduction of temperature being greater 
and greater, the drier the air at the moment of ex- 
perimenting, as then the water with which the ball is moistened 
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evaporates more and more rapidly. A common thermometer 
may be used in the same manner for hygrometrical observations. 

2554. 4. Mason’s Hygrometer is shewn in the Fig. 324. 
annexed figure 324. It consists of two thermo- v 
meters as nearly alike as possible, both being 
covered with white Persian silk, that they may 
be affected as equally as possible by radiation or 
currents of air. One of the thermometers 6, is 
kept continually moistened by water from a small 
glass tube arranged in the form of a bird-fountain, 
a few threads leading water continually by capil- 
lary action to the ball. But the thermometer a , is 
never moistened, and accordingly any difference 
of temperature between them must depend upon 
the amount of evaporation, and this will take 
place to a greater and greater extent according 
to the dryness of the air, producing a propor- 
tionate reduction of temperature. The greater 
the degree of cold, accordingly, the drier is the 
air to be considered. When the two thermo- 
meters indicate the same temperature, then the E 
air may be regarded as saturated with moisture. 

2555. 5. A new hygrometer has lately been constructed, in 
which the reduction of temperature produced by evaporation in 
the air is indicated by its action on a pyro-electric arrangement, 
such as is employed in Melloni’s Thermomultiplier. See Elec- 
tricity. r 

2556. From the preceding observations it will be seen, that 
some hygrometers indicate the condition of the air in respect to 
moisture, by the chaAge of texture induced in the materials ; 
while others act by indicating the amount of cold produced by 
evaporation ; and the third class by shewing the reduction of 
temperature required for the deposition of dew. 



Deposition op Moisture from the Air. 

• 2557? This depends essentially upon a reduction of tempera- 
ture, and, as Hutton pointed out, often arises from the inter- 
mixture of strata of air at different temperatures saturated with 
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moisture ; the amount of moisture dissolved in the air increasing 
in a greater ratio than the temperature. When a mean tempe- 
rature is attained by the intermixture of such strata, part of the 
moisture is immediately separated. 

2558. Again, any portion of air saturated with moisture at the 
surface of the earth, may often deposit it without being wafted 
to a colder climate, as when it ascends in the air, tfie cold at- 
tending its expansion as it rises being sufficient to cause its sepa- 
ration. 

2559. On the other hand, where moisture may be diffused in 
the air in the form of a cloud, if that air shall descend* in the 
atmosphere so as to become compressed, its temperature is at the 
same time elevated, and the *cftmd disappears, as the matter of 
the cloud becomes converted into vapour. Hence, in mountain- 
ous countries, a stream of warm air from the valleys or from the 
ocean, transparent and invisible, though saturated with moisture, 
produces, as it ascends, either rain or a cloud, expanding, and 
becoming colder as it rises ; but when, according to the progress 
of the current, it descends again, the cloud disappears. 

2560. The term Vesicular Vapour is applied to water in the 
condition in which it produces a cloud ; it then appears in the 
form of numerous minute vesicles or bladders, the precise consti- 
tution of which is unknown, but they arc usually regarded as 
consisting of extremely thin vesicles of water, like soap-bubbles, 
and they are also supposed to acquire their buoyancy, or small 
specific gravity, from being filled with watery vapour. Were 
they filled with air, they would be too heavy to rise in the 
atmosphere. 

2561. The more irregular the currents in the air in general, 

the more frequent the fall of rain. But rain does not fall in 
largest quantity where it occurs most frequently. The nearer 
the equator the greater the fall of rain, and the less the tiumber 
of rainy days. At Grenada, 12° north latitude, the annual fall is 
126 inches. In Great Britain, Dr Thomson calculates the an- 
nual fall at 32 inches. # 

2562. The Rain-Gauge, used in estimating the fall of rain,, 
consists of an open .funnel, which receives the rain, and by 
which it is led into a vessel, where its amount is measured^. 
An annual fall of 32 inches accordingly means, that the total 
amount of rain falling during the year at the place referred to. 



702 


IGNITION AND INCANDESCENCE. 


would be sufficient to cover the surface of the earth there with 
water to the depth of 32 inches. 

Sect. IV. — Ignition and Incandescence. 

2563. All solids and liquids become luminous when subjected 
to heat, if not previously converted into vapour. This luminous- 
ness is independent of combustion. When red-hot, they are said 
to be in a state of ignition ; when white-hot, they are said to 
be incandescent. A dull red light at first appears, gradually 
increasing to a bright red, with a tinge of yellow or orange, and 
terminating ultimately in a pure white light. 

2564. In the dark, the luminousness commences at a tempe- 
rature of 800° or 810° ; and a red heat, visible in day light, is usu- 
ally estimated at 980° or 1000° of Fahrenheit. 

Gases, when not in a state of combustion, are not rendered 
incandescent, nor even brought to a state of ignition, though 
solids suspended in them instantly become luminous. 

2565. The precise cause of ignition or incandescence by the 
action of heat is unknown. Many attribute it to a species of 
phosphorescence induced by the high temperature. 

Sect. V. — Effect of Caloric on Chemical Action. 

* 2566. When solids are mingled mechanically together, caloric 
usually promotes their tendency to combination, if it fuses them, 
diminishing the cohesion that may have previously operated be- 
tween the particles of each. On the other hand, it often pro- 
motes decomposition when the elasticity of one element is exalted 
much more by its action than that of the other. It is also con- 
sidered in numerous cases to exert a specific action. 


CHAP, II.— COMMUNICATION OF CALORIC. 


2567. Caloric is communicated from one kind of matter to an- 
other by conduction and by radiation. Conduction signifies 
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the slow communication of heat from one particle of matter to 
another in contact with it ; but radiation refers to its rapid pro- 
gress through a vacuum, through air, and through all other 
bodies in which its progress is not arrested by the dense aggre- 
gation of particles, such as is observed in a mass of iron, stone, 
and wood, or in ink, milk, or any other similar substance. 

2568. Of late, many have adopted the opinion tliat heat tra- 
vels precisely in the same manner through a substance in which 
it is conducted, as when it is radiated from one kind of matter 
to another through the air ; but in the former case, from the 
numerous obstacles presented to its progress by the ’frequent 
opposition of particles, innumerable radiations take place from 
particle to particle, while ill h thin medium, such as the air, or 
in vacuo, there is little or no opposition to the movement of the 
air. The light finds a free and unobstructed passage, so that 
it then darts with incredible velocity in the same manner as 
light. 


Sect. I. — Conduction of Caloric. 

2569. Solids are in general the bhst conductors of heat ; li- 
quids come next in order, and lastly gases. 

2570. Solids. Metals are the best conductors among solids ; 
then come glass and stony substances ; and, lastly, light, spongy, 
and porous solids, as charcoal, hair, and fur. 

2571. Silver and copper are the best metallic conductors, and 
then, successively, copper, gold, tin, iron,# lead, and platinum. 
Very considerable difference of opinion, however, has been ex- 
pressed as to the relative conducting power of different solids, 
and it is not improbable that this may have arisen from the va- 
rious qualities of the metals used, as the texture of a metal is 
not only influenced by its state of purity, but greatly also by 
the mechanical processes to which it may have been subjected, 
and the density it may have accordingly acquired. 

2572. The conducting power o£ bodies is estimated by the 
rapidity and the extent to which they are heated, when sub- 
jected to the action of a fixed temperature. Or it may be as- 
certained by the rapidity with which they cool through a gnjjen 
range of temperature under the same circumstances. Count 
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Rumford found a thermometer which cooled 135° in air in 576 
seconds, took the following time when surrounded by the sub- 
stances mentioned, that being the worst conductor in which the 
thermometer cooled most slowly. 


No. of 
Seconds. 

Spun Silk/ . 917 

Fine Lint . 1032 

Cotton Wool, 104C 


No. of 
Seconds. 

Sheep’s Wool, . 1118 

Raw Silk, . 1284 

Beaver’s Fur, . 129G 


No. of 
Second: 

Eider Down, . 1305 
Hare’s Fur, . 1315 


2573. Ordinary clothing is not essentially warm, but being 
made of bad conducting materials, it prevents the natural 
warmth of the body from being quickly abstracted by the air. 
Furnaces intended to melt glass, fuse metals, and produce very 
intense heat, are built of bricks and other bad conductors, that 
the heat within may accumulate there as much as possible. In 
an ice-house, bad conductors are equally essential, to prevent 
the external warmth penetrating to the ice. Stoves, however, 
and apparatus required to give out heat quickly are surrounded 
with iron, that the heat from within may be withdrawn, and 
communicated readily to the surrounding air. 

2574. Rad conductors, /such as glass, are easily broken by 
comparatively slight alternations of temperature, that part which 
may be suddenly heated or cooled by direct contact with the 
warm or cold object, being suddenly expanded or contracted, 
while the rest of the material within may be left comparatively 
rigid ; a rent or crack is the necessary consequence. 

2575. Liquids, vapours, and gases, from the extreme mobi- 
lity of their particles, must be considered in a twofold point of 
view, in reference to the conduction of heat. 

I. In these, the heat may travel from one particle to another, 
the particles themselves being stationary, and the heat may be 
applied so that there is not necessarily any movement in the 
particles. Examined in this way, all liquids are found, except- 
ing fluid metals, to be comparatively feeble conductors of heat, 
as when heat is applied to the top of any fluid. 

2576. II. But if, on the other hand, heat be applied to these 
bodies so that expansion shall take place in the lowest portion, 
and the dense upper portion shall have an opportunity of des- 
cending, then, in this secondary mode, the heat travelling as it 
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were along with the moving particles, they are found to be good 
conductors. See pages 663 to 674 inclusive. The illustrations 
already given under Expansion, Combustion, &c. in the pages 
referred to, explain this mode of conduction. 

2577. Lastly, when a liquid such as water, which is easily 
evaporated, is placed upon ’a bright metallic plate at a high 
temperature, it evaporates with extreme slowness, a portion 
of vapour is instantly formed between the liquid and the metal, 
which prevents their coming into direct coptact. The liquid is 
accordingly supported on the vapour, and floats upon it, con- 
tinually moving from place to place. But if the temperature 
be now permitted to decline, the liquid comes in direct contact 
with the metal, and then evaporates with great rapidity. 


Sect. II. — Radiation. 

2578. Radiant caloric is supposed to move with the same ve- 
locity as light, viz. 192,000 miles per second, and to escape 
from all radiating surfaces in rays or lines extending at right 
angles from the body which emits it.„ It does not affect the 
air,* neither is it affected by the air. A. strong current produces 
no sensible effect upon any caloric that may radiate through it. 
It is affected variously by solids, which may transmit, absorb, 
or reflect it in the same manner as light. And as different va- 
rieties of heat have been supposed to exist in the same man- 
ner as there are different kinds of light, the effect produced 
by heat falling upon any object may depend \ipon four circum- 
stances. 

1. The kind of heat. 

2. The intensity of temperature in the source from which 

it is derived. 

3. The nature or the surface from which it is emitted. 

4. The nature of the matter upon which it falls. 

2579. Some solids allow heat to pass through them with com- 
parative facility, and are said to be transparent to heat, or j>ia- 
thermous, heat passing through them in the same manner as 
light moves through' transparent bodies. Rock-salt is pre-emi- 
nently distinguished in this respect, as it can transmit, whe\i pure; 
no less than 90 per cent, of radiant heat. 

y y 
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2580. The calorific effect of a body radiating heat diminishes 
as the square of the distance, and the effect being one at the 
distance of one foot, it is one-fourth at the distance of two feet, 
one-ninth at the distance of three feet, &c. 

Radiant caloric is refracted and reflected in the same manner 
as light (see pages 648, &c.), and, as Professor Forbes lately 
discovered; it may also be polarized. 

llodies that radiate heat powerfully when warm, absorb it 
powerfully when cold, and exposed to a heating power. The 
following memoranda will assist the student in understanding 
many of the more important phenomena of radiant heat. 

1. Good Radiators are good absorbers. 

2. Bad Radiators are good reflectors. 

3. Good reflectors are bad absorbers and bad radiators. 

4. Rough and porous bodies arc the best radiators and ah - 

sorbers. 

5. Bright and highly polished metals are the best reflec- 

tors, and consequently bad radiators and bad absorbers. 

2581. The surface of bodies alone has any direct influence on 
radiation, as was proved by the experiments of Sir John Leslie 
and Count Rumford. The following table shews the radiating 
power of different surfaces at the same temperature, according 
to the experiments of Leslie : — 


Surface coated with lamp-black, .... 100 

Surface coated with paper, 08 

Glass, 00 

PoSislied metallic surface, 12 


2582. In experimenting on the subject of radiant heat, Sir 
John Leslie frequently employed a tin canister maintained at 
a constant temperature by boiling jvater, the sides of the ca- 
nister being coated with lamp-black, paper, glass, and other 
substances, whose radiating power was to be ascertained. They 
w r cre then opposed successively to a polished metallic reflector, 
a differential thermometer being placed in the focus to mark 
the comparative effect produced by each. The annexed figure 
(Fig. 325) shews the general mode of operating, 
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Fig. 32/1. 



2583. To illustrate generally the radiation and reflection of 
heat, two reflectors arc commonly employed, any warm object 
being placed in the focus of one, and a thermometer or some 
other object in the other, to be subjected to the action of the 
radiant heat. Fig. 326 shews the arrangement adopted, where 


Fig. 320. 



a lime ball A, is employed as the source of heat, being subjected 
to the action of the oxyhydrogen blowpipe, and a differential 
thermometer B, placed in the focus of the opposite reflector. 
The rays of heat emanate on every side from the lime ball ; 
those only are represented which fall upon the reflector in whose 
focus it is placed, and being reflected from it in parallel rays 
to the opposite reflector, they are again reflected according to 
the figure, and condensed in its focus. 

2584. In experiments such as these, a large chauffer filled 
with red-hot charcoal, or a large red-hot iron ball, is generally 
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employed, but the lime ball I have found preferable, as it can 
be adjusted with much greater nicety to the focus of the re- 
flectors. The red-hot chauffer or iron ball, is, however, quite 
sufficient for all ordinary experiments, where the lime ball can- 
not be procured. With reflectors about 20 inches in diameter, 
and a lime ball about half an inch in diameter, or a little larger, 
acted uponTby five oxy hydrogen jets, it is easy to kindle inflam- 
mable matter placed in the focus of the opposite reflector, though 
at the distance of seventy or eighty feet. 

2585. Hold a bright tin plate opposite a red-hot cinder fire, 
and theli turn it so as to direct the reflected heat and light upon 
any distant object. Or fix it in a proper position so that the 
experimenter may go to the distance of a few feet or more and 
feel the influence of the reflected heat. Then substitute a glass 
mirror for the tin plate, when the light will be reflected as be- 
fore, but the heat will be absorbed. 

2586. Place the hand in the focus of one reflector, and a 
very delicate differential thermometer in the focus of the other ; 
it immediately indicates a rise of temperature. 

2587. Place a thermometer in the focus of one reflector, and 
a mass of ice in that of the other ; the thermometer falls as it 
radiates heat to the ice. 

2588. The phenomena of radiant heat were supposed by 
Pictet to occur only where there was an inequality of tempera- 
ture. But they are explained fully more satisfactorily accord- 
ing to the theory of Prevost, that all substances arc perpetually 
radiating upwards pach other with an intensity proportional to 
their temperature and the nature of their surface. 

2589. In a clear and cloudless sky, radiation takes place to a 
great extent, and the temperature of the surface of the ground 
falls proportionally, so that it may bp frequently observed very 
considerably below that of the superincumbent air. The greater 
the radiating power of the surface of each individual substance, 
the lower its temperature, and the greater the amount of dew 
or hoar-frost deposited upon it, as Dr Wells pointed out. Pre- 
viously, very vague opinions had been entertained on this point, 
but Dr Wells shewed that a deposition of dew or hoar-frost does 
not precede the reduction of temperature observed in good ra- 
diators at the surface of the earth and exposed to the open sky, 
the cold produced by radiation preceding and being the cause 
of the deposition of dew, &c. 
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2590. In India, ice is formed in shallow porous cups contain- 
ing water principally, if not entirely, by the cold produced by 
radiation, though the temperature of the surrounding atmo- 
sphere may not have fallen below 40°. 

2591. In cloudy nights, the temperature of the surface of the 
fi«. 327 . ground never falls so lowas when the sky is cloud- 

) K less, the radiation from the surface of # the ground 
( f^\ ) being then requited by the returning radiation 
from the clouds. Sir John Leslie’s Mth iiioscope, 
• 1 " Fig. 327, shews in a very marked manner the 

1 influence of the clouds in returning rsediation. 

It consists of an extremely delicate differential 
h - thermometer'', having one ball placed within a 
hollow metallic case, so that it is entirely ex- 
cluded from the action of the air, while the other, 
the upper one, is placed within a brilliantly po- 
” j ~ lished cup. When the latter is exposed to any 
-J- clear part of the sky, its temperature imnie- 

-1 J diately falls ; there is no return to its radia- 

tions ; but if it be exposed to a clouded part 
'WgF of the sky, the returning radiant heat prevents 
J l its temperature from being reduced as in the pre- 
^ ceding case. 

2592. Many familiar instances of the action of radiant heat 
present themselves to the attentive observer. An open fire, 
provided with a suitable chimney, communicates heat solely in 
virtue of its radiant power, all heat communicated by jictual con- 
tact of the air with the inflammable matter being withdrawn by 
the column of warm air ascending the chimney. A polished 

FiR m silver or brass wire ^placed before the fire, 

/CIX doeSinot become warm, reflecting the heat 

/ \ that falls upon it ; but, if previously 



warmed by boiling water poured upon it, 
it cools slowly, radiating most imperfectly 
the heat it mav have acquired. The an- 
nexed P'igure (328 ) represents one of the 
common roasting gas-burners, the thin 
lines shewing the form of the largje tin re- 
flector placed around it, by which the he£t 
is returned which would otherwise have 
escaped. 
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The experiments commonly performed with artificial heat may 
also be performed with the heat of the sun. By collecting the 
rays of the sun in a focus with a number of mirrors, the most 
intense heat is developed. Radiant heat from the sun may also 
be concentrated by refraction, as in the common burning glass. 
Bodies radiate precisely in the same manner in all gases, and 
in vacuo. 


2593. A great number of researches have been made in refer- 
ence to the transmission of radiant heat through glass and other 
substances since the investigations of Leslie. Delaroche, in par- 
ticular, has shewn, that the amount of heat which passes through 
glass is greater and greater the higher the temperature of the 
body from which the heat is emitted. Melloni has added much 
to this department of science. He measured with great care 
the amount of heat intercepted by successive screens, less and 
less being retained by each succeeding screen, though a very 
considerable quantity may be intercepted by the first. He has 
also proved, that the power of bodies in transmitting radiant 
heat is not necessarily connected with their transparency ; and 
that, accordingly, a body may be highly powerful in transmitting 
heat, or diathermous , while it may be feebly diaphanous , or even 
not at all capable of transmitting light. Melloni’s researches 
were conducted with his thermo-multiplier, an instrument of 
extreme sensibility.* See Electricity. 


2594. The cooling and the warming of bodies is necessarily 
influenced, both by the absorbing and radiating power of their 
surface, and the conducting power of the material of which they 
are composed. Sir John Leslie and Count Rumford proved, that 
the cooling of bodies is much more affected by the state of the 
surface than the conducting power of the materials themselves. 
The influence of colour on the radiation and absorption of heat 
is a poi/it that has received considerable attention, but has not 
feecn hitherto followed up so minutely as some other branches of 

* Mclloui’s researches are given in detail in Taylor’s Scientific Memoirs. 
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this subject. The late experiments of Professor Bache tend to 
prove, that the radiating power is not affected by colour ; but, 
on the other hand, the power of absorbing heat from the sun's 
rays is greatly affected by colour. Perhaps much may depend 
upon the intensity of heat in the source from which it escapes, 
and the impulse it may consequently receive, the heat of the sun 
penetrating transparent substances without loss, while, terrestrial 
heat is more or less intercepted, llock salt is very peculiar in its 
relations to radiant heat compared with other bodies, transmitting 
heat from all sources, and of all intensities* with equal facility. 


CHAP, ill — SPECIFIC HEAT- 


2595. By specific heat is understood the peculiar relation 
which each substance bears to lieat, and, consequently, the com- 
parative quantity required to raise the temperature of each by a 
given number of degrees. The term Capacity for Heat was 
originally employed for this purpose, but was not considered so 
appropriate, as it was supposed to involve a hypothesis as to the 
nature of heat, and the manner in which it is associated with 
matter, many arguing that it seemed to be too much in fa vour 
ot the doctrine of the materiality of heat, whereas, at the present 
day, the theory of vibrations is more generally adopted. . 

2596. The exact manner in which heat exists in matter is 

unknown, but the amount required to raise ‘the temperature of 
each body one or more degrees varies much in the same manner 
as the amount of liquid varies that is required to fill vessels of 
different diameters to the same height.* Thus, if a pound of 
water, a pound of oil, anil a pound of mercury, be taken and 
heated with extreme caution to the same temperature, ft will be 
found that they absorb very different quantities of heat, the oil 
requiring much more than the mercury, and the water much 
more than either. • 

2597. According to the experiments of Dulong and Petit, the 

atoms of elements liavc the same specific heat ; but this conclu- 
sion has been called in question. * 

2598. The specific heat of vapours and gaseous fluids i* a sub- 

# 
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ject of very difficult investigation, and extremely varied results 
have been obtained by different experimenters. All gases and 
vapours expand as they are relieved from pressure ; their specific 
heat increases at the same time ; and hence their temperature 
falls if they be not supplied with caloric from some external 
source. On the other hand, when gases or vapours are com- 
pressed, much heat is suddenly evolved, so that tinder and other 
inflammable substances may be kindled when subjected to its 
action. 

2599. The specific heat of different substances is much influ- 
enced by chemical action, so that sometimes it is increased when 
cold is produced, though more frequently it is diminished, and 
then an elevation of temperaturq ip observed. 

2600. When a solid is melted, or a liquid converted into va- 
pour, a large quantity of caloric becomes latent, as has been al- 
ready explained ; and here it is necessary to remark, that the 
caloric, which is said to become latent, has not always been con- 
sidered as the cause of the change of form, but rather as being 
absorbed by the liquid or vapour produced, and thereby prevent- 
ing any reduction of temperature which might have otherwise 
arisen from the increased capacity for heat. 

2601. Dr Irvine attempted to estimate the absolute zero, on 
the principle, that the beat in different kinds of matter is pro- 
portional to their specific heat ; but the great discordance shewn 
in the results of different experimenters, has proved that this 
method is not correct. 


CHAP- IV— DISTRIBUTION OF CALORIC. 


2602* The great tendency of heat to an equilibrium, and the 
extreme rapidity of its movements, lead to the opinion, that an 
equality of temperature would soon be established over the 
globe, were this not prevented by the mode in which the sun’s 
rays fall upon the earth, and innumerable phenomena connected 
with the animal and vegetable kingdom. 

2603c The following memoranda connected with temperature 
ought to be recollected : — 
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Mean temperature of the air at the surface of the globe va- 
ries probably nearly to the extent of . 100° F. 

At the equator it is ..... 82°.5 

At Rome, N. latitude 41°. 53, . . . 60° 

At Edinburgh, N. latitude 55°. 57, . . . 47° 

At Melville Island, N. latitude 74°. 45, . — 1°.5 

And at the pole it has been calculated by Arago, to to — 13° 


In insular situations, the extremes of heat and cold are much 
moderated by the waters of the ocean. . 

2JS04. The Line of Perpetual Congelation has a variable 
altitude in different climates, being higher and higher* as it ap- 
proaches the equator. 

At the equator it is 14,760 feet. 

At the Alps, 8,120 ... 

In Iceland, 3,084 ... 

At the Polar Regions, ice is perpetually observed at the sur- 
face of the earth. 

2605. The Mean Temperature of the Surface of the 
Ocean is 32^° in the north seas, and 82° at the equator. At 
great depths, however, the temperature is much more nearly 
alike, varying only from 31° in thfr north seas to 44° at the 
equator. 

2606. Observations in mines, and numerous geological phe- 
nomena, have led to the opinion, that the earth was originally a 
fluid mass at a very elevated temperature, and that probably at 
the present moment may be, at no great depth from the surface, 
still in an incandescent state. The conducting pow^r, however, 
of the mass of the earth’s surface is extremely feeble, so that the 
sun produces a very trifling effect at the depth of 100 feet ; and 
even at no greater depth than 24 feet, the full effect of the sum- 
mer’s heat does not obtaip its maximum till the depth of winter, 
shewing that six months are required to conduct it from the sur- 
face. A little variation is observable, however, in different kinds 
of strata which vary in their conducting power. In general, the 
denser it # may be, the more rapidly is the caloric conducted. 
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CHAP. V.— PRODUCTION OF HIGH AND LOW 
TEMPERATURES. 

Section I. 

c 

2607. The great sources of heat are the rays of the sun, che- 
mical action, electricity, and magnetism. 

2608. Rays of the Sun. If the rays of the sun be concen- 
trated by a lens, or by metallic reflectors brilliantly polished, 
an intense heat is produced fully equal to that which is deve- 
loped by any other process. e „ 

2609. Chemical Action is the great source of heat for arti- 
ficial purposes, as in the combustion of wood, coal, coal-gas, 
oil, wax, tallow, and other inflammable substances.* 

2610. The precise manner in which heat is liberated during 
chemical action is not known. The term combustion was for- 
merly applied to those cases where oxygen combined with an in- 
flammable body, but is now applied, in a more extended signifi- 
cation, to all those cases where heat and light are evolved, whe- 
ther oxygen be present or not, as when sulphur combines with 
potassium. 

2611. Mechanical Action. — An elevated temperature may 
easily be produced and sustained for a long time by mechanical 
action, but this is always accompanied by an increased density 
in those bodies from which the caloric is evolved, the caloric be- 
ing as it Were mechanically pressed out. If they be again 
heated in the fire, however, and allowed to cool slowly, or ex- 
posed in such a situation that they again recover their original 
texture, they give out ‘heat a second time when compressed by 
powerful mechanical action. The development of heat by elec- 
tricity will be referred to under electricity. 

Sect. II. — Low Temperatures. 

2612. A reduction of temperature is usually effected in some 
of the following ways. 

Sot* Carbon, Furnaces and Fire-places, Expansion and Communication of 
Heat. 
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1. By promoting radiation. The more rough and porous 
the surface of any substance when exposed to a clear sky, the 
greater the reduction of temperature by radiation. 

2. By REDUCING THE PRESSURE ON GASES OR VAPOURS, their 
temperature immediately falls, as their capacity or specific heat 
increases as they expand. 

3. By promoting evaporation. Evaporation *is always a 
cooling process to the fluid which evaporates, when the vapour 
is not produced by the direct communication of heat. 

4# By chemical action. This is the most fruitful source of 
cold for artificial purposes. The liquefaction of solids ife usually 
resorted to for this purpose, fluidity being induced by the action 
of solvents. Under ordinaly* circumstances, the direct applica- 
tion of heat is necessary to render a solid liquid, but when this 
is effected by other means, part of the heat which maintained 
the materials formerly at ordinary temperatures is consumed in 
effecting the change of form, and hence the reduction of tempe- 
rature. See Freezing Mixtures. 


IV. ELECTRICITY. 


2613. The term electricity is derived fropi qtexrgy, the Greek 
for amber. Not long ago, only a few facts were known with 
respect to this interesting science, which has been so much ex- 
tended by the researches made in modern times, that it is now 
known to be intimately .connected with all the phenomena of 
nature and of art. The effects it produces were first noticed in 
amber, which exhibits, when rubbed, the power of repelling and 
attracting any light objects, such as a fragment of paper ; and a 
more precise examination of this subject has shewn, that a spark 
of light appears at the moment of contact, more or less marked 
according to the previous excitement; and farther, the attractions 
and repulsions take place according to the following hyvs : — 

I. Bodies similarly electrified repel each other. • 

II. Bodies in different electric conditions attract one another. 
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III. Bodies in a state of electric equilibrium neither attract 
nor repel each other. 

See the illustrations with the sealing wax and the feather, im- 
mediately before the description of the electrical machine. 

2614. The precise nature of electricity is unknown; it is, 
however, a power of great energy, and exerts an action on all 
kinds of matter. It is intimately connected with heat and light, 
which it often developes as intensely as they can be excited by 
artificial means. It can excite magnetism, and communicates 
also attractive and repulsive powers to all kinds of matter. Its 
chemical relations are so extended, that it has been regarded as 
the real cause of all chemical phenomena. Its influence on the 
animal and vegetable kingdom is equally conspicuous ; whether 
we examine the minute phenomena of organic life, or trace its 
effects on the larger scale, as they are exhibited in the devasta- 
ting influence of a severe thunder-storm. The subject of elec- 
tricity did not become an object of general attention, though fa- 
miliar to the philosophic world, till the experiments of Franklin 
proved the identity of electricity with the lightning of the thun- 
der-storm. 

2615. Electricity cannot be collected by itself like ordinary 
kinds of matter. It is too subtile and penetrating, and like heat 
and light tends to diffuse itself among all surrounding objects 
till an equilibrium has been established. It is usually consi- 
dered as a fluid consisting of particles repulsive of each other, 
but attractive of other kinds of matter. Opinion is divided on 
this point, however,, and many regard it as dependent upon vi- 
brations produced in an invisible fluid or ether, the vibrations 
being of a different kind from those that have been considered 
to give rise to heat and r light. 

2616. Electricity, in the language of Franklin, may be termed 
a simple .fluid, and electrical action is induced whenever it is ac- 
cumulated in excess in one substance, or becomes deficient in 
others. Where it is in excess, the electric phenomena arise from 
the electricity leaving the body in which it is accumulated and 
flowing into surrounding objects ; when it is deficient, they arc 
produced by the electricity moving from all surrounding objects 
to restore the equilibrium. 

‘2617. Bodies are said accordingly, in the terms of the Frank- 
linian theory, to be positively electrified, when they have 
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more tluin surrounding objects; and negatively electrified 
when they have less. 

2618. According to the theory of Dufay, as extended by Sym- 
mer, all bodies contain two kinds of electricity, termed vitreous 
and resinous, these having first been noticed in vitreous and 
resinous kinds of matters, and the phenomena of electricity 
depend upon their separation or on their union. On the other 
hand, when they are combined in proper proportion all electrical 
phenomena cease. The term vitreous electricity, according to 
this view, corresponds with the positive electricity of Franklin ; 
and the resinous with negative electricity. Many of the most 
eminent electricians have adopted this view of the compound 
nature of electricity ; but the* hypothesis of Franklin is more 
simple, and perhaps on the whole, equally consistent with the 
phenomena presented by electrical action. 

2619. Excitation of Electricity. In general, a body is 
said to be electrically excited when it tends to communicate elec- 
tricity to, or to withdraw it from, surrounding objects. For this 
purpose, an excess of electricity must be conveyed to it, or a por- 
tion removed from it beyond what it has in the neutral condi- 
tion. Bodies may also be excited electrically without gaining 
or losing electricity, if any process be resorted to by which the 
portion they may previously have contained is unequally distri- 
buted through them. This is effected by opposing to them an 
excited electric, after supporting them on non-conductors, that 
their electricity may not be withdrawn. 

2620. Electricity is commonly excited by frictioy, or other 

varieties of mechanical action, by chemical action, by heat, or by 
magnetism. When electric excitation arises from the proximity 
of an excited electric, as explained in the preceding paragraph, 
it is said to be produced Jby induction, and the term Induced 
Electricity is then applied. • 


CHAP. I.— COMMUNICATION OF ELECTRICITY. 


2621. The term Conductor, in electrical language, is usually 
applied to metallic bodies, which are superior to all other sub- 



718 


COMMUNICATION OP ELECTRICITY. 


stances in conducting power. The following bodies succeed 
the metals in this respect, in the order in which they are enu- 
merated : — 


1. Charcoal. 4. Moist Animal Substances. 

2. Acid Liquids. 5. Water. 

3. Solutions of Salts. fi. Gases very much rarefied, or much 

loaded with moisture. 


2822. The term Nonconductor is applied to those substances 
which have a very weak conducting power, as sulphur, resin, 
glues, and also dry air, wood, paper, silk, and feathers. The 
conducting power of bodies is much affected by their condition 
in reference to heat. Many solids that are imperfect conduc- 
tors, conduct electricity readily when fused by heat. 

2623. When electricity is to be conveyed from one kind of 
matter to another, they are usually connected by a copper, sil- 
ver, or other metallic wire. Plates of metal, tin-foil, and mer- 
cury, are of great use in adjusting different kinds of apparatus. 
By dipping the extremity of a copper wire into a solution of 
nitrate of mercury, and then amalgamating with mercury, a very 
intimate degree of contact is insured, so necessary in numerous 
experiments. 

2624. The electric circuit is the course which the electri- 
city takes in any electric arrangement, always proceeding from 
those bodies in which it is accumulated to those in whicli it is 
comparatively deficient. Any substance to be subjected to tin* 
electric influence must form part of the circuit, so that the ordi- 
nary circuit is broken or interrupted. If the material which 
breaks the circuit be a very bad conductor, its conducting power 
must be improved by moistening it with water, salt, or acid, or 
in some other way, otherwise the electricity may not pass through 
it, the circuit being in this ease almost entirely interrupted, and 
then no electrical effects are produced on the subject of experi- 
ment. 

2625. Electricity appears to spread over the surface of bodies, 
rather than to penetrate into the interior. This statement, how- 
ever, must be taken with great limitations, as every particle of 
matter has a peculiar relation to the electric fluid, and is asso- 
ciated with a portion of it, which may be more or less easily de- 
tached from it. Pointed conductors are more powerful in with- 
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drawing electricity than those that are globular. They also dis- 
charge it rapidly from bodies in which it is accumulated. If it. 
be required to discharge much electricity at once, then a ball is 
preferred to a point. 


Fig. 321. 



2626. When a house or large building is Co be defended from 
the action of the electric fluid, it is usually surmounted with a 
pointed conductor placed in the most exposed situation ; this 
conductor, or lightning rod, being led*down by one or more 
branches, according to the size of the building, and terminating- 
deep in moist earth, or, where it is possible, in a well, as in the 
manner represented in the annexed Figure (329). 

2627. In the same manner, on board ship, the electric fluid is 
usually guarded against by a metaMic chain led from the top- 
mast into the water, as shewn in the annexed Figure (330). In- 
stead of a chain/ a rope made of many s&all copper wires has 
been proposed by Mr Roberts, which has the advantage of being 
flexible, while it also insures a more perfect continuity of metal. 
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It may be attached in the 
mode shewn by the dotted 
line, instead of following the 
course represented by the 
chain. The conducting me- 
tallic rope may be easily 
protected from the action of 
the air, but it would not be 
so easy to prevent the links 
of the chain from oxidation. 
Instead' of merely leading 
the metallic rope or chain to 
the water, it is sometimes 
fixed into the copper sheath- 
ing of large vessels. 

2628. An excited electric, 
supported on a stool with 
glass feet, or on any other 
very bad conductor, is said 
to be insulated, as it can- 
not then either communicate 
electricity readily to the 
earth, or receive electricity 
from it, if the air be dry. 


CHAP. II.— ELECTRICAL MACHINE, LEYDEN JAK, &c. 

2629. In the common electrical machine, electricity is deve- 
loped by friction. If glass, sealing wax, or amber, be rubbed 
with a silk or woollen cloth, the rubber assumes one electrical 
condition, and the glass or other substance passes to a different 
state. The condition of the surface, and the peculiar nature of 
the substance used as a rubber, modify the result. Smooth glass 
is rendered positive \ff a woollen cloth, but rough glass becomes 
negative^ with the same substance ; and sealing-wax is rendered 
positive by metallic substances, but negative by hare’s skin. 

2630. Electrics are bad conductors ; and electrical pheno- 


Fiff. aao. 




LEYDKN JAR. 


72 L 


menu are induced in them with great facility. Good conductors 
are called Non-electrics, as they are with difficulty rendered 
electrical unless insulated. 

2631. When any electric has been excited by friction, if a 

feather be applied to it, it first receives a portion and is then 
repelled, after it has attained the same electric condition, as the 
body to which it is approached. The individual fibres of the fea- 
ther also repel each other, in the manner repesented in the 
following figure, which shews # kb-ssu. 

the feather at the moment it is 
passing from a large stick of 
sealing-wax by which it is repell- 
ed. In a short time the feather* 
loses electricity, which is with- 
drawn by the air, returning 
again to its natural condition. 

It is now again attracted when 
approached to the sealing-wax ; 
and this may be repeated many 
successive times. Hence, then, 
an excited electric may retain » 

its electricity when surrounded 
by a dry atmosphere, for a con- 
siderable period. But, if the 
hand be drawn over the wax, or 
a pointed wire be applied to 
different parts, the electricity 
may be quickly and entirely re- 
moved. Accordingly, in con- 
structing an electrical machine, 
the great object is to produce 
electricity in the first instance, 
and then to remove it where it 
can be conveniently accumulat- 
ed ; that part of the apparatus in which it is first accumulated is 
usually termed the prime conductor. 

2632. Two kinds, of electrical machines^ are commonly de 
scribed, viz. the cylinder and the plate machines. In the com- 
mon cylinder machine, the electricity is produced by the frictiofl 
of a hair cushion and a piece of silk, with a cylinder of glass, 

z z 
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which is made to revolve rapidly : pointed brass wires remove 
the electricity to a large cylinder or ball, made of* sheet-brass, 
in which it is accumulated. It is insulated by a glass-support. 
Were it not insulated, the electricity communicated to it would 
pass at once to the earth. The rubber must be connected with 
the ground by a chain or other good conductor, to supply elec- 
tricity to the machine as it is exhausted, otherwise it soon ceases 
to be produced ; the rubber and the chain are generally con- 
nected in the cylinder machine by a conductor, which has been 
termed the Rubber's conductor, similar in its form to the prime 
conductor. The annexed figures represent a section and a ground 
plan of the cylinder electrical machine, with the position of the 
prime conductor, and an attached Leyden jar. 


Fig. 332. 



2633. The letters refer to both figures. A A A A the cylinder, 
®BB the hair cushion, x, the chain and ball by which the cylin- 
der is supplied with electricity from the ground, or from the 
rubber’s conductor which communicates with the ground. C C* 





LEYDEN JAR. 


723 


the silk proceeding from the hair-cushion attached to B, DDD 
the pointed wires leading off the electricity from the machine to 
the prime conductor E£EE, GG the Leyden jar supported on 
a stool with glass feet, the exterior coating being connected 
with the ground by a chain when it is required to charge the 
jar. 

Fig. 334. Fig. a36 - • 





724 


LEYDEN JAR. 


2636. The frame of the plate machine should always be 
placed where it may draw electricity from the ground, and, like 
the chain a*, of the cylinder electrical machine, it may be attach- 
ed to a gas or water pipe, when this can be conveniently done, 
as it insures perfect contact with a good conducting medium. 

2637. The hair cushion is usually covered with an amalgam, 
which may be made with two parts of mercury, one of zinc, and 
one of tin. The amalgam should be spread freely upon the 
cushion, as it is very powerful in promoting the action of the 
machine, partly by the more perfect contact which it insures 
between the cushion and the glass, and partly by the oxidation 
of the amalgamated metals. This view has been much strength- 
ened by the circumstance, that little or no electricity is deve- 
loped, according to some statements, when the electrical machine 
is worked in an atmosphere of carbonic acid gas. Some have even 
imagined that without chemical action, directly or indirectly, no 
electricity can be developed ; but this opinion is not generally sup- 
ported. 

2638. In working the electrical machine, it cannot be kept 
too dry, or too carefully preserved from dust. The prime con- 
ductor must always be ^thoroughly insulated, supporting it on 
glass feet ; and in the common cylinder machine, the cylinder 
must also be supported on non-conductors. 

2639. In damp weather, the machine should be carefully 
heated, and the whole maintained at a uniform temperature. 
Small chauffers, containing a few pieces of charcoal, are very 
convenient for this purpose. A high temperature should be cau- 
tiously avoided ; the glass is apt to be broken by the incautious 
application of heat ; moreover, very hot air conducts electricity 
away rapidly, producing great loss of power. 

• 

% The Leyden Jar. 

2640. The Leyden Jar was so named, as it was invented 
at Leyden. It is a glass jar or bottle coated externally and in- 
ternally to within a few inches of the top with tinfoil, a rod with 
a ball at the top passing through the cork and communicating 
by a chain with the internal coating. Electricity conveyed from 
the pripic conductor to the ball, is led by the rod and metallic 
boating to the interior of the jar ; a corresponding quantity is 
expelled from . the exterior in consequence of induction, and 
when one ball of the discharger touches the exteriqr of the jar,’ 
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and the other is approached to the ball of the brass rod, the 
electricity passes as a powerful spark from the interior to the 
exterior, and the equilibrium is restored. 

2641. Fig. 337 represents the common form of the discharger, 
consisting of a bent brass rod terminating in two balls, the rod 
being attached to a glass handle. 



2642. Fig. 338 shews the discharger in use, one ball being 
applied to the outside coating of the Leyden jar, the other to 
the ball of the jar, when the electricity follows the course indi- 
cated by the arrows. 

2643. To illustrate more precisely»the nature of the Leyden 
jar, let a in the annexed figure (Fig. 339) represent the prime 
conductor of an electrical machine ; b the ball of the Leyden 
jar leading to an internal moveable metallic coating in the in- 
terior of the jar ; f / the glass, and d an external moveable coat- 
ing ; e the metallic chain ; the ball b being supported on a long 
glass handle, fixed into o. If the jar be now charged in the usual 
manner, it may then be discharged as represented in the annexed 
figure (Fig. 340). 
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Let it now be again charged, and then the coating o may be rc- 
Fi g . mi . moved by the long 

glass handle ; the 
glass ff may also 
be lifted out of the 
external coating tf, 
so that they shall 
all be separate as 
shewn in Figs. 341, 
342, 343. Bait all 
* this time the elec- 
tricity is lodged on 
the glass, the coat- 
ings having mere- 
ly been instrumental in conveying it to the glass ; and on re- 
placing the coatings, an electric spark may be obtained by dis- 
charging it in the usual manner, without any fresh charge. 

2644. If, before the coatings be replaced, the discharger be 
connected with the exterior and interior of the jar, in the man- 
ner shewn in Fig. 342, a minute quantity of electricity may be 
conveyed from the interior to the exterior of the jar ; and by 
touching every part successively, at last the whole might be dis- 
charged. But this would be a tedious process, whereas the me- 
tallic coatings allow the whole to be discharged at once. 

2645. The Leyden jar cannot be charged, unless electricity 

be conveyed from the exterior at the same time that electricity 
is conveyed to the interior from the prime conductor of the elec- 
trical machine ; accordingly, if it be supported on dry glass, or 
on a glass footstool, in the manner shewn in the figure of the 
cylinder electrical machine, or on any other very bad conductor-, 
as a silk-handkerchief, or a sheet of .brown paper, it either re- 
ceives np electricity at all, or a very imperfect charge, unless a 
chain be attached to the outer coating and led over the bad con- 
ductor to the ground. Fi-. 

2646. When the interior coatings of 
a number of jars are connected by me- 
tallic contact with each other, the jars 
being placed in a box and the exterior 
eftatings connected in the same manner, 
they may be j\ll discharged as one jar. 

The annexed, Fig. 344, illustrates the 
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above arrangement, and is usually termed the electric battery. 
A and B are the points to be connected by the discharger. 

2647. The same precautions must be . adopted, in using the 
Leyden jar, that have been described in regard to the electrical 
machine. Dust, excessive heat, and moisture, must be equally 
avoided. 

2648. Jars have also been constructed of a fixect size, and 
placed at a determinate distance from a larger jar, so that they 
may be filled successively any given number of times, and their 
contents then transferred to this second jar, discharging them- 
selves always into it when they have received a definite quantity 
of electricity. They have been termed Unit Jars by Mr 
Harris, who introduced them.- • 


Electrophorus. 

2640. The electrophorus is a small electrical apparatus, which 
is quite sufficient for performing experiments when a very feeble 
electric spark is all that is necessary. Tt consists of a resinous 
cake, and of a cover a little less in diameter than the cake. When 
once excited, it maybe retained in action for months, and some- 
times even for years ; the cake not communicating electricity 
directly to the cover, but rather inducing, in the side that touches 
it, an opposite electric condition, in the same manner as in the 
condenser, an instrument to be immediately described. 

2650. The resinous cake is prepared by melting together equal 
weights of common resin, shellac, £nd Venice 
turpentine, and pouring the compound while still 
hot upon a metallic plate, or into a circular dish 
of tinned iron. It should*be struck lightly with 
a piece of folded warm flannel, or a fox’s tail, 
when required for use. The cover, which is 
usually made of a piece of thin wood covered 
with tin-foil, or of a plate of brass, and provided 
with a glass handle, is to be placed upon the re- 
sinous cake, touched with the finger while in this position, and 
removed by the glass handle. It is now excited electrically ; 
and, on bringing any substance near it, a spark is given *ff, whi^h 
may be transmitted through a gaseous mixture, or any other 
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substance to be subjected to its action. Many inflammable gases 
mixed -with oxygen in the proper proportion may be analyzed in 
this manner, the quantity of the resulting products indicating 
their composition. For this purpose, Volta’s or Ure’s eudiometer 
is generally employed. In using either of them the temperature 
and state of the barometer must be attended to. 

2651. To increase the power of a feeble spark, the Condenser 

(Fig. 346), an instrument in- 
troduced by Volta, is much 
employed. It consists essen- 
tially of two discs of metal, 
one being fixed firmly upon an 
•upright glass-support, while 
the other may be cither di- 
rectly opposed to it, or drawn 
back in the manner represent- 
ed by the dotted line, its sup- 
port, which is metallic, moving 
upon a joint placed immedi- 
ately above the stand on which 
it rests. If the insulated disc 
be electrified by the approach 

of an excited electric, it immediately attracts a portion of elec- 
tricity ; and the other disc being then opposed to it, the charge 
communicated to the first affects the other by induction. Part 
of the electricity of the latter is repelled ; and, being in different 
electric conditions, they tend to sustain each other’s peculiar 
electric excitement. More electricity may accordingly be now 
communicated as at first to the insulated plate ; and, by repeated 
contact with the excited electric, at last the charge becomes 
much stronger, producing indications, when B is withdrawn, and 
effecting actions, which it was unable to do at first. 

Experiments with Electricity excited by Friction . 

2652. Excite positively any body, as a , Fig. 347, by connecting 

fi«. w. it with the prime conductor of 

the electrical machine, and 
oppose to it a long tube of 
varnished tinned iron bb, in- 
sulating it from the ground b\ 



Fig. 340 . 
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supporting it on glass feet. The tube immediately becomes ex- 
cited unequally by induction, the extremity next the positively 
excited electric becoming negatively, and the other end positively 
electrical. If small pith balls be suspended from each end, and 
from the middle, they are found to repel each other at either ex- 
tremity, but to be neutral in the middle. 

2653. Hold a piece of pith suspended by a long silk thread 
opposite the prime conductor of the electrical machine. It is 
immediately attracted, and then repelled, in the same manner as 
in the experiment with the wax and the feather. See para- 
graph 2631. 

2654. Connect with one extremity of the prime conductor, 

F*u?. 348 . • properly excited, a metallic rod in- 

sulated upon a glass pillar, and sus- 
pending a thin disc of brass or cop- 
per, in the manner seen in Fig. 348. 
If another disc connected with the 
ground be then placed below it, a 
fragment of thin copper leaf, or any 
light substance, as a figure, may be 
sustained continuously dancing or 
suspended between the discs, com- 
municating electricity as rapidly to 
the lower one as it receives it from the upper disc, so long as the 
electric excitation is continued. 

2655. Electroscopes are instruments intended to indicate 

electric excitation, and the peculiar condition of electric excite- 
ment. Electrometers are intended more specifically to mea- 
sure the amount of electric excitement. At Xi,| g' m 



present, however, both terms are in general 
used indifferently in regard to instruments 
for indicating the presence of electricity, 
without reference to the specific quantity. 

2656. Beneet’s Goldleaf Electro- 
meter, Fig. 349, consists of two delicate 
gold leaves suspended from a brass cap, in- 
sulated by the glass vessel that supports the r 
cap. It is very delicate in its indications, 
and when a glass rod is brought near it after being 'excited by 
rubbing, it immediately causes the leaves to diverge, repelling 
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each other as they are similarly electrified. It* a stick of sealing- 
wax be excited and brought near the electrometer, the opposite 
electric condition of the excited wax, neutralizes the excitement 
already produced by the glass. Hence the nature of the elec- 
tric excitement produced in any body is indicated by the effect 
produced by another excited electric whose condition is known, 
as it increases, the divergence of the leaves if it be of the same 
quality, but diminishes it when the reverse is the case. This 
electrometer must be yery carefully used ; when the electricity 
is in large quantity in any body, and too closely approached to 
it, the leaves are apt to be torn. 

2657. The Quadrant Electrometer is a much less delicate 
instrument usually attached to the jfrime conductor of the elec- 
trical machine ; it is then lifted out of the stand re- 
presented below it, and transferred to an aperture in 
the conductor made for its reception. The moveable 
pith ball, suspended from the brass rod which sup- 
ports the electrometer, is repelled to a greater and 
greater distance the more powerfully the electrical 
machine is in action, and, accordingly, by examining 
the point where tthe fibre by which it is attached cuts 
the graduated arc, the degree of excitation in the 
machine is indicated. 

2658. The Torsion Electrometer of Coulomb is a very 
delicate instrument. It consists essentially of a very small 

rip. 35i. needle of shell-lac suspended horizontally by an 

extrepiely slender silver wire, or by a fibre of silk 
as spun by the silk -worm, the support d , from 
•which it depends, being insulated by the glass 
vessel on which it rests, and which serves as a 
protection at the same. time to the instrument 
from the action of air, dust, and moisture. Each 
extremity of the needle is terminated by a small 
gilded pith ball, one of them being in contact 
vith the ball of the metallic conductor c b, which passes through 
n aperture in the glass case. When an excited body is made 
D touch c, the pith ball in contact with it assuming the same 
lectric condition, is instantly repelled to an extent proportional 
3 flic degree of excitement ; and when the electricity is with- 
rawn, the torsion of the suspending thread causes the needle 
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again to come in contact with the conductor at b. The gradu- 
ated arc a b serves to measure the amount of the torsion. 

2659. The student should now perform a number of experi- 
ments with the different electrometers, so as to become familiar 
with their mode of action, opposing them successively to vari- 
ous bodies differently electrified, to the prime conductor of the 
electrical machine, or to other bodies 
electrified by it. 

2660. If a ball connected with the 
prime conductor of an electrical ma- 
chine, be made to electrify another ball, 
terminating in a bottomless glass jar, 
in the manner represented in the figure 
(Fig. 352), it communicates electricity 
quickly to the interior of the jar ; and 
if a number of pith balls be put within 
the jar where it rests, the pith balls 
are attracted by the interior of the 
glass, and repelled whenever they ac- 
quire the same electric condition. The 
repelled ball is again attracted and re* 
pelled as at first, till the whole of the 
electricity is withdrawn from the inte- 
rior of the jar. 

2661. When an electric spark is to be passed through a fine 

Fig. m wire, it may be stretched as represented 

in Fig. 353. The wire is fixed at the 
top of the two supports RS and CS ; 
II and C being placed near each other 
when the wire is first fixed, but sepa- 
rated gradually afterwards, until the 
wire is stretched, both movijig upon 
the screw N to which they are attach- 
ed. By approaching the discharger 1), 
to the prime conductor B, the electricity 
passes through D, and along the wire W 
to IIS ; the glass support SC prevent- 
ing it from passing in that direction. 

2662. Electricity proceeds with extreme velocity *not oirly 
through the atmosphere like light and heat, but also through 



Fig. 352. 




0 




732 


ELECTROMETERS. 


solid metallic conductors ; and even when they are composed of 
many fragments merely touching each other, still an extreme 
rapidity of progress may be observed. Thus, if an iron chain 
containing many thousand links be suspended in the air, one ex- 
tremity being brought in contact with the outside coating of a 
Leyden jar, while the other is attached to a discharger, so that 
in discharging the jar the electricity may be made to pass 
through all these links successively, still so rapid is the move- 
ment that every one appears luminous at the same instant, a 
small portion of iron being abraded from each link, which burns 
with confiscations as it acts upon the air. 



2063. By passing the electricity through substances less per- 
fect in their conducting power, its motion is retarded, and then 


Fig. 355. 



it may be made to inflame 
gunpowder, and other sub- 
stances which are not usu- 
ally kindled with facility. 
Fig. 355 shews an arrange- 
ment by which a small por- 
tion of gunpowder may be 
deflagrated, when the elec- 


tricity is discharged through water. 


Fig. 356. 
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2664. The universal discharger consists of two rods, 
which are usually connected with chains made to communicate 
with the external and internal coatings of the Leyden jar, and 
made to rest upon a moveable support, on which can be placed 
any matter to be subjected to the action of the electric fluid — 
the extremities of the wires touching it on either side. In Fig. 
356, they are represented as attached to an exceedingly delicate 
metallic wire, through which the electricity is to be passed ; — 
unless the wire be very fine, the electricity will pass through it 
without dissipating it. 

2665. Place successively in the same manner, a •pkee of 

white sugar about an inch in diameter, a little fulminating 
mercury, half a grain of fiilili mating silver, and pass through 
each a powerful charge from the Leyden jar. The sugar 
becomes phosphorescent ; the fulminating mercury is some- 
times inflamed, but occasionally dissipated without combus- 
tion ; the fulminating silver detonates violently. In the same 
manner, a thin slip of gold-leaf pasted on a card may be dissi- 
pated by the electric fluid, a card interposed between the wires 
is pierced, and an aperture left. If the electric spark be passed 
through the finger, a bright blood-red light is seen ; the finger 
appearing transparent, lly transmitting it through powdered 
resin diffused through cotton, the resin is inflamed. When the 
beginner has not a discharger 
of the above construction, he 
may with great facility in ge- 
neral construct a temporary 
discharger with a few pieces 
of chain and copper wire ; one, 
such as is represented in the 
annexed figure 357 does very 
well. Two wires attached to 
two retort stands conducting 
the electricity through the mat- 
ter subjected to experiment. The retort-stands should be placed 
upon glass, very dry brown paper, or some other non-conducting 
material, that they ihay convey no electricity through the table 
on which they rest. t 

2666. Volta’s eudiometer (Fig. 358) is made of a stout gjlass 
tube with two platinum wires fixed into it near the top where 
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it is closed, and approaching till they are at a very I,lt,r * 35ft 
little distance from each other within it, about a 
quarter of an inch. The mixture to be detonated Qu 
is then introduced into the eudiometer over water 
or mercury, as may be necessary, keeping it in an 
upright position, and wiping the upper part with a 
cloth to remove any adhering water or mercury ; on 
connecting one of the wire3 with the ground by a 
chain, or touching it f with the finger, and bringing 
the tube near the conductor after it has been pro- 
perly charged, an electric spark will be immediately transmitted 
through the mixture, passing between the terminations of the 



wires within the tube, and causing ft to explode. 
One of the wires should terminate in a brass 


ball without the eudiometer, that a larger 
spark may be drawn from the conductor 
than can be obtained with the wire alone. 

2(567. A small part only of the eudio- 
meter tube should be filled with the mix- 
ture to be exploded ; the figure 359 illus- 
trates the manner in wlikh the spark is 
transmitted. 

2668. Dr Ure’s eudiometer (Fig. 360) 
is more convenient than Volta’s for deto- 
nating small cpiantities of inflammable 
mixtures by means of the electric spark. 
It consists of a beqt tube, closed at one 
end, with wires fixed into it in the usual 



manner ; 


the mixture is introduced after filling it with mer- 
cury, and then the greater portion of the liquid 
still remaining in the open extremity of the tube is 
poured out ; after this it is placed in the position re- 
presented in the cut. The open end is now closed 
with the thumb, which is placed so as* to touch one 
of the balls ; the electric spark may now be applied 
to the other end. The gaseous mixture at the top expands as the 
spark passes through it, and presses upon the mercury below, 
forcing a portion of it into the other extremity of the tube, where 
th6 air acts as a spring, and moderates the violence of the ex- 



plosion. It is necessary to leave as much mercury in the open 
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extremity as will completely fill the other, should u complete 
condensation accompany the detonation. 

2669. The electricity of the electrical machine is of great 
intensity, though the quantity developed may be exceedingly 
small. The experiments of Wollaston, Pouillet, De la Rive, 
and Faraday, have shewn that though it presents peculiarities, 
still it is essentially the same with electricity developed by other 
processes, an opinion which was not* formerly considered to have 
been satisfactorily demonstrated. When required to produce* 
chcpiical effects, its progress in the electric circuit should be re- 
tarded in the manner recommended by Faraday, by causing it 
pass through a long moistened string. A mixture of iodide of 
potassium and moistened stanch forms one of the most delicate 
reagents for indicating the chemical action of the electricity of 
the electrical machine, iodine being liberated, and immediately 
acting upon the starch, when the usual blue tint appears. 


Of the Electric Shock. 

2670. The effect produced upon the system by the electric 
Huid varies exceedingly according to the manner in which it is 
communicated, tin; source from which it is derived and the* 
quantity brought into action. In the lightning of the thunder- 
storm it appears in its severest form, producing, too frequently, 
instantaneous death ; and in a milder form, it is often the cause 
of some of those varied sensations which are attributed in many 
instances to the state of the weather, the air on some occasions 
conveying electricity to the body, while at other times the living 
frame is positive in reference to the air, and communicates elec- 
tricity to it. The following illustrations will enable the begin- 
ner to become familiar with the arrangements adopted in com- 
municating electricity from the prime conductor of the electrical 
machine, or from the Leyden jar. He cannot too particularly 
recollect, that wherever the electricity is to be passed, that part 
of the body must form part of the circuit, and be interposed ac- 
cordingly between the prime conductor and the ground, or be- 
tween the interior and exterior of the Leyden jar. 

2671. In Fig. 361, the electricity passes from the prime con- 
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ductor of the electrical machine 
to the right hand by a chain, and 
would be instantly conveyed 
through the body to the ground, 
were the glass feet of the elec- 
trical stool not interposed, which, 
from their non-conducting pow- 
er, allow the electricity to accu- 
mulate in the system. Any in- 
dividual, accordingly, standing 
in the manner represented, may be considered as an extension 
of the prime conductor, loaded with electricity according to the 
power of the machine and the statb of the atmosphere, so that 
if another person approach him, lie may take an electric spark 
from his knuckle, from his shoulder, from his head, from his 
foot, and indeed from any part of the body. If he shall now, 
however, descend from the electric stool, and stand on the 
ground, the electricity passing quickly to the earth, no spark 
can be obtained from any part of the body. 

2672. If a .small cup containing sulphuric ether, and resting 

on a metallic support, as in Fig. 
362, be held in the hand, by any 
individual standing on the ground, 
while another insulated on the 
electric stool, and holding the 
chain in one hand, places the 
forefinger of the other over the 
ether, the electricity escaping 
through the ether generally in- 
flames it. 

2673. The amount of electricity required to charge different 
individuals, so that a spark of the same size shall be obtained 
from each, is exceedingly various. The nature of the clothing, 
the texture of the hair, and in particular the dryness of the boots 
and shoes that may be worn, should the experiment be tried in 
rainy weather, affect much the result. But, independent of all 
these, there appears to be as good reason for believing that dif- 
ferent pqysons have different capacities for electricity, and that 
they vary in their conducting power, as that they are affected in 
very different degrees by a shock of the same intensity, accord- 
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ing to tlieir age, peculiarity of constitution, and mode and habit 
of life. 

2674. In Fig. 363, the arrangement is shewn that is adopted 
when the electricity is passed through the head ; if the hand of 

each of those in the circuit 
be placed upon tlw forehead 
of the next individual, the 
electricity is conveyed more 
effectively than when it is 
allowed to rest on the hair 
of the head. In trying this 
experiment, the Leyden jar 
should be charged at first 
so feebly as to produce a 
spark barely visible in daylight, gradually and cautiously in- 
creasing the amount in successive trials, as a very strong shock 
given in this manner might prove injurious. In discharging the 
Leyden jar, so as to give a shock to a number of persons at the 
same time, they must all touch each other, while one at one ex- 
tremity lays hold of a chain in communication with the Leyden 
jar, the other touching the ball of the Leyden jar with a me- 
tallic rod also terminating in a ball. The electricity passes in 
the manner indicated by the arrows. 

2675. Fig. 364 shews the usual manner adopted in giving a 

Fipj. -m. shock to a number of 

persons at once, ail 
joining hands so as 
to form a* continuous 
connection as in the 
preceding instance, 
while those at the 
extremity hold the 
rod and chain in the 
usual manner. 

2676. Fig. 365 illustrates the manner in which electricity may 
be passed from the elbow to the wrist by the Leyden jar, with- 
out affecting any other part of the body. 

Fig. 366 shews the arrangement adopted when sponge points • 
are used, whether in transmitting the electricity of the electrical 
machine, or of any other apparatus. 

'3a 
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2677. These sponge points are merely small portions of 
sponge, generally moistened With common salt, which may be 
slightly acidulated if a still greater conducting power be required 
in operation with galvanic or magnetic electricity. They are 
made to communicate directly with the chain and ball of the 
Leyden jar, or with the positive and negative poles of any other 
electric apparatus, and accordingly any invalid may hold the 
non-conducting handle in his own hands, and direct the applica- 
tion of the electric fluid as he may prefer, while an assistant 
makes the necessary connections. The wire passes through the 
nonconducting handle to the sponge. 


CHAP. III.— GALVANISM. 

2678. ^ Galvanism or Voltaism are the terms usually applied 
to electricity developed by chemical action, from Galvani and 
Volta, the earliest cultivators of this branch of the subject. Gal- 
vani shewed that contractions are excited in the limbs of a frog 
when a zinc and silver plate are placed, the one upon the nerve 
and the other upon the muscles, and then made to touch each 
other; he considered that the electricity was present in the 
muscles, and merely conducted by the metals. But Volta sup- 
posed that the effect was due to the contact of the metals, and 
soon afterwards constructed the Voltaic Pile, which is similar 
in its general arrangement to the trough now in use. . 

2679. The liquids used to connect the metallic plates are 
not now regarded as conductors merely, they are the real source 
of electricity during their action upon the metals. Davy’s opi- 
nion was, that the first action commences by the contact of the 
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metals, and that it is sustained by the chemical action of the 
substances employed. 

2680. Simple Galvanic Circles consist only of a single 
pair of plates ; in Compound Galvanic Circles, as in the gal- 
vanic trough, there are a number of pairs of plates. 

2681. One of the most important of the discoveries of Volta 
consisted in the circumstance he pointed out, viz. that by con- 
joining a number of pairs of plates, their united influence might 
be accumulated, so that on connecting tfoeir extremities in the 

manner represented in Fig. 367, 
a far more powerful effect could 
be produced than was formerly 
procured. Any substance to be 
subjected to the action of the 
pile is usually placed between 
the extremities of the wires at- 
tached to either end ; and, on the small scale, when a few drops 
of any liquid are to be used, they may be placed upon a slip of 
glass as shewn in the figure ; the copper wires are usually tipped 
with wires of gold or platinum, which are not so apt to be cor- 
roded as those of silver, copper, or iron. 

2682. Where a strong galvanic power is required, the gal- 

Fiff.368. VANIC TROUGH, Fig. 

370, or the galvanic 
battery, Fig. 368, is 
commonly employed, 
{t may be considered 
as a horizontal pile 
arranged, however, in 
a more convenient 
form than the pile of 
Volta, the. metallic 
plates assisting in 
forming the cells, 
which contain a much 
larger quantity of 
acid liquid than the 




moistened cloths used in the pile. 
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Galvanic Battery. 

2683. It is much more frequently used than the electrical ma- 
chine for chemical purposes ; and, though a variety of improve- 
ments have been made of late in the method of constructing ap- 
paratus of this kind, perhaps there is still no modification of it 
so generally resorted to as the galvanic trough, in which the 
plates are arranged in the manner proposed by Cruickshanks. 
There are few experiments which cannot be performed with 120 
plates, each about four or six inches square, charged with acid 
liquor of different strength according to the purpose for which 
it may be required. For ordinary experiments, a mixture of 
2 parts by measure of sulphuric acid, 1 of nitric acid, and 80 of 
water may be employed ; but when it is necessary to produce 
great heat and light, 1 part by measure of sulphuric acid may be 
mixed with 3 of nitric acid, and GO of water ; and a still smaller 
quantity of water may be occasionally employed. Even concen- 
trated nitric acid is sometimes used in particular cases, where a 
momentary effect of great* intensity is required. To examine 
its nature wc must first attend to the action of a plate of zinc 
with one of copper in an acid liquid. 

2G84. When a single pair of plates is 
employed, the copper is always the po- 
sitive pole (if an acid liquor be used) 
the electric gurrent (lowing in the man- 
ner represented in Fig. 369, viz. from 
the zinc to the Copper through the liquid, 
and from the copper to the zinc when 
the wires between the two plates are cent- 
nected together. 

2685. In compound galvanic arrangements the extremity of 
the battery terminating with the plate of zinc becomes the posi- 
tive pole ; here, however, it must not be forgotten that this de- 
pends solely on the arrangement of the plates ; for, as is repre- 
sented in the figure of Cruickshanks’s trough, Fig. 370, the elec- 
tric fluid moves from the zinc through the liquid to the copper, 
as in the preceding case, and the zinc and the copper-plates at 
the extremities of the battery do not contribute in any degree to 


Fig. 36!). 
Z C 
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the action, and might be 
removed altogether with- 
out in any degree affecting 
it. No difficulty can be ex- 
perienced by the student in 
understanding jvhy the zinc 
extremity of the battery 
should be the positive pole 
in a compound galvanic arrangement ; tf he look on a gal- 
vanic trough of the usual construction, he must perceive that it 
is not by the mutual action of the plates that are soldered to- 
gether and the liquid on citfye^ side that the galvanic electricity 
is produced, but that it is developed by the action of the liquid 
on the plates between which it is interposed ; these are repre- 
sented as connected together by the dotted lines in the figure, 
and the plates at the extremity may be considered merely as a 
part of the connecting wires. 

2f>86. Formerly, however, the electricity of the galvanic pile 
or trough was supposed to be produced by the contact of the 
metals, and conducted by the liquid interposed, and hence the 
plates were fitted up in pairs, a practice which has still been 
continued, though a very different view has been adopted as to 
the origin of the electricity. The following view shewing the 
active pairs of plates according to the theory of contact, and the 
chemical theory will explain some of the apparently contradic- 
tory statements that are so frequently made as to the nature of 
the plates terminating any galvanic arrangement. • 

According to Volta’s theory of contact, % 

\fit Pair. 2d Pair. I 3 d Pair. 

Copper, zinc, liquid. Copper, zinc, liquid. •) Copper, zinc, liquid. 

According to the chemical theory, 

1st Pair . 2d Pair. 

Copper. | zinc, liquid, copper. zinc, liquid, copper. | zinc. 

Hence, in using the very same places, according to the former 
opinion, there are three pairs in full operation. But, according 
to the latter, there are only two, the zinc plate at one end, and 
the copper plate at the other, being of no use. Furthgr, it will 
be observed, that in Volta’s theory the zinc of the first pair, and 
the copper of the last are the true termini in the above arrange- 
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merit. But, on the chemical theory, these plates are excluded 
and considered of no use. 

2687. When several troughs are to be connected together, 
so as to form a galvanic battery, great care must be taken to 
place them in such a position that the plates shall all be situ- 
ated in the, same manner with respect to each other as if they 
had been placed in a single trough ; the zinc extremity of the 
one being connected with the copper extremity of another ; 
Fig. 368 represents the best method of arranging eight small 
troughs together, so as to have the opposite poles brought within 
a convenient distance of each other. 

2688. An extreme variety of arrangements has been adopted 
in constructing batteries, the effects being exceedingly different 
according to the manner in which they are filled up. Thus, 
two very large plates of zinc and copper may be powerful in pro- 
ducing heat and light, but will scarcely give any sensible shock, 
or exert a marked influence in promoting decomposition. But 
if they be cut into much smaller plates, they will now be power- 
ful in the latter respects, and comparatively feeble in evolving 
heat and light. 

2689. In the arrangement termed the couronne des tasses, 
a number of cups or cells are provided, and into these, when 
charged with liquid, the metallic plates are introduced, the zinc 
plate in one cell communicating with the copper plate in the 
next. 

2690. In Wollaston’s battery a plate of copper is exposed to 
each surfape of zinc, and in some cases batteries have been made 
where a much larger surface of copper is opposed to the zinc. 
Dr Hare’s Calorimeter maybe considered as a battery made 
of metallic coils, acted upon by liquid in the usual manner. 

2691. An amalgam of zinc and mercury has been used by Mr 
Kemp instead of zinc plates. The amalgam being placed in a 
cup and opposed to a plate of copper. This arrangement is very 
convenient, especially in electro-magnetic experiments. 

2692. A great variety, of new arrangements has been pro- 
posed for the galvanic battery, founded more particularly on the 
researches of Faraday, Hare, Daniell, and Mullins. For a de- 
scription of these the reader may consult the Philosophical 
Transactions, Philosophical Magazine, and the Annals of Elec- 
tricity. 
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2693. Mr Young's battery is perhaps the most convenient and 

powerful that has hitherto been constructed for illustrating the 
decomposition of water. In it the plates are brought very near 
each other, and each surface of zinc is opposed to a surface of 
copper. It may be also used for producing light with charcoal 
points, for deflagrating metallic leaves, and other chemical ex- 
periments. The following description is taken from the Philo- 
sophical Magazine and Annals : — * 

2694. “ The sheet copper and sheet zinc to be used in this bat- 
tery are first cut into long ribbons, of the breadth which it is 
intended to give the plates. Suppose the ribbons two inches 
broad, both the copper and zinc ribbons are then divided into 
lengths of five inches, and a portion cut out as in Fig. 371. The 
slip is thus divided into two ‘squares of two inches each, which 
are connected at A, and a piece is left projecting at B. The 
zinc and copper sheets are cut up exactly in the same way. 
Fig. 371, therefore, represents either a single zinc or a single 
copper plate. The plate is then bent at A, and presents the 


Fig. 372. Fig. 373. 


Fig. 371. 
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appearance represented in Fig. 372. In Fig. 373 have two 
plates, one of copper C, and the other of zinc Z, which are ex- 
actly alike in construction, but are placed differently, as shewn 
in the figure. Thin projecting parts, Bp, are soldered together, 
and this is the only metallic communication between them 
which is allowed to exist ; Fig. 373, therefore, is only one copper 
and one zinc plate, or it is one pair of plates. Each pair is 
made up in the same way. In arranging a number of pairs to 
form a battery, they are interlaced fo that a copper square 
comes in between each, couple of zinc squares, and a zinc square 
between each couple of copper squares. It is easy to see how 
this arrangement can be made when the plates are in^the hand, 
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though it is difficult to describe it. At the positive end of the 
battery there is a single copper plate which is soldered at the 
FIr . ;, 74 . top to the last double copper plate, 



as seen in Fig. 374, which figure re- 
presents three pairs properly ar- 
ranged, and also the manner in which 
they should be fitted up and kept 
steadily apart in a wooden frame. 
This frame consists of two cross-bars, 
ec 9 66, in front, and the same behind, 
dovetailed into solid ends. The chan- 
nels in the cross-bars for the recep- 


tion of the edges of the plates, are formed by placing the four 
cross-bars together, and sawing a little way into one side of them 
all, every eighth of an inch or so in their length, so as to form a 
set of parallel grooves. W e have by means of this frame a much 
greater security that no metallic contact will occur between con- 
tiguous plates, than when they are separated by wedges of cork, 
as in Dr Hare’s construction, which may slip out. 

2695. “ To the solid ends of the frame are attached two cards, 


which are fixed to two pulleys, on which they are wound up, on 


Fig. 375. 



turning a winch, as represented in 
Fig. 375, %y which means the framo 
and battery can be raised out of tho 
fluid. If the axis (a stout wire) on 
which these pulleys are fixed can 
be moved a little backwards and 
forwards on its bearings, it is easy 


by means of a little projecting peg which fits into a hole 
in the side of *the pulley, to fix and support the frame in a po- 
sition above the trough, and out of the exciting fluid when that 
is desirable. But the form of the trotigh to contain the frame 
and plates may be varied according to the object in view, or the 
purposes to which the battery is to be applied. 

2696. “ A small battery of this construction containing twelve 
pairs of two inches breadtl\*of plates (the size which we have 
taken above as an example) may be contained in a trough eight 
inches in length, and will evolve when its terminal wires are soU 
dered to a Faraday Volta-electrometer, six or seven cubic in- 
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dies of the mixed gases in three or four minutes, with a charge 
of half an ounce of sulphuric acid and half an ounce of nitric 
acid in twenty-four ounces of water (all by fluid measure), and 
is therefore amply sufficient to demonstrate the decomposition of 
water on a considerable scale. 

2697. “ It is proper to use the thickest sheet zinc which can 
be had in the construction of the plates, although *the thinnest 
sheet copper will suffice, from its being so well supported. 
When the zinc plates are worn out, the cross-bars may easily be 
pulled out of the solid ends, and the elements of the battery se- 
parated ; new zinc plates being soldered to the old coppers, the 
whole may again be quickly arranged in the old frame.” 

. 2698. Since Professor Darnell’s experiments in preparing a 
constant battery, that is, a battery which should not decline in 
its action, a great number of experiments have been performed, 
with the view of introducing batteries of this kind. The sus- 
taining battery introduced by Mullins has been much employed, 
and has been worked in a variety of ways. The reader is re- 
erred to the Annals of Electricity for details upon the subject. 
The annexed Figures (376, 377) shew one of the forms which 


Fig. 376. 
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Fig. 377. 



has come into general use. 
ddd, is a hollow copper 
vessel, surrounded by a 
membrane, and having a 
shelf near the top, on which 
crystals of sulphate of cop- 
per are placed. An aper- 
ture immediately below the 
inclined shelf, allows the 


solution of the sulphate to pass between a and the membrane ; 
bd , is the solution of sulphate of copper, xxx, is a cylinder of 
zinc placed between the containing vessel zzzz and the mem- 
brane b ; y, the surface of the exterior fluid placed on either side 
of the zinc, which usually consists of sulphuric acid diluted with 
a large quantity of water, or of a solution of muriate of ammo- 
nia. # 


Mechanical arrangements have also been proposed to obviate 
the effects produced by the deposition of impurities upon the 
metallic plates, which are thrown down in a loose forfh at first, 
and gradually aggregate afterwards, impeding to a great extent 
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the galvanic action that would otherwise 
take place. In Mr Roberts’s battery, the 
zinc and copper plates are circular, and 
made to rotate in separate cells, contain- 
ing the exciting fluid. Fig. 378 gives a 
section of the cells, and plates of zinc and 
copper ; and Fig. 379 shews its general 
appearance. The zinc and copper plates 
in the same cell are insulated from each 


Fig. 379. 



other by the support on which they rest, communicating, how- 
ever, by the fluid in the* usual manner. By placing bands of 
cloth or brushes between the plates of zinc and copper, they are 
always kept clean. As they are turned round, the permanent 
precipitation and adhesion of zinc upon the copper plate is pre- 
vented, and also the accumulation of oxide of zinc or hydrogen 
upon the zinc plate, so that an equality of action may be sus- 
tained for a long period when an acid solution of equal strength 
is maintained. Those sides of the plates that are united by me- 
tallic contact are covered with oil-paint, to protect them from 
the acid liquor. • 


Experiments with Galvanism. 

2699. All experiments performed by the electrical machine 
may be imitated by the galvanic battery, and the converse 
equally holds trae ; but it is exceedingly difficult to substitute 
the battery or the trough for each other, so as to produce their 
various effects with the some facility, as the electricity in the 
electrical machine is high in intensity but small in quantity. 
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while that of the galvanic battery is the very reverse in these 
respects, the quantity being great, and the intensity small. To 
produce the brilliant light evolved when electricity passes through 
charcoal points, let two copper wires be connected with the poles 
of the galvanic battery, and small pieces of charcoal, two or three 
inches in length, and about one-tentlj of an inch in diameter, 
be tied to them by their copper wires. They are prepared most 
conveniently by heating pieces of willow cut to a proper size, in 
a covered crucible filled with powdered charcoal. The charcoal 
points may be approached so as nearly to touch each other. The 
galvanic battery of 120 pairs of plates, four or six inched square, 
and charged with the stronger acid mixture Mentioned, gives a 
Fig. 380 . * ' very brilliant light. Fig. 

380 shews the general 
arrangement adopted, 
glass tubes being placed 
over the wires, that they 
may be held conveni- 
ently ; but, should the 
hands be very dry, they are scarcely necessary, galvanic electri- 
city not passing readily through the dry cuticle. 

Fig. 881. 




2700. To deflagrate metallic leaves, they must be exceedingly 
fine, and are generally supported, in the manner ^represented in 
Fig. 381, on a bent brass rod, fixed into one pole of the galvanic 
battery by one extremity, while the other rests upon a glass sup- 
port. Another wire from the other extremity of the battery 
terminates in a thicl^ metallic plate c, which? when brought in 
contact with any of the metallic leaves b 9 e, f or g 9 ins^pntly com- 
pletes the circuit, when the leaves are dissipated by the electric 
power. 
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2701. When exceedingly fine wires are to be acted upon, they 

may be attached to a wire commu- 
nicating with cme pole, and brought 
in contact, either singly, or in a 
bunch, as represented in Fig. 382, 
with a metallic plate attached to 
the other pole of the battery. 

2702. Gold, silver, and platinum are immediately dissipated, 
if the electric power be great in proportion to the amount of 
metal, but when it is small the electricity is transmitted without 
producing any effect upon the metal. Iron, tin, copper, and 
many other metals are oxidated. The wires should be frequenlly 
moved upon the metallic plate to shew the full effect. 

2703. To detonate gunpowder, fulminating mercury, or any 
other compound of a similar nature, the best method of proceed- 
ing is to put it on a metallic plate connected by a wire with one 
of the poles of a battery, touching the upper portioji with a simi- 
lar wire connected with the other extremity. (Fig. 383.) 

Fig. 383. Fig. 384. 


Fig. 883. 




2704. Fill a tube with a diluted solution of sulphate of soda, 
and invert it under water, fixing it into an apparatus similar to 
what is represented in the above figure (384) ; one of the bottles 
of Woulfe’s apparatus may be easily adjusted for this purpose, 
if the beginner should not have a globe with a 
tube ground to it. Then put two gold or plati- 
num wires, connected with the positive and nega- 
tive poles of the battery by copper-wires, into 
the tubuhires at the sides through corks, and 
immediately a stream of gas will rise from both 
wires, and collect in the tube ; the wires must 
not close* the apertures in the corks completely, 
but allow part of the liquid to pass out, as it is 
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displaced by the gas. On examining the mixture, it is found to 
be composed of one measure of hydrogen, and half a measure of 
oxygen (a portion water being decomposed^, which may be 
easily detonated by withdrawing the tube and applying a light. 
Oxygen is evolved at the positive, and hydrogen at the negative 
wire, and they may be collected in separate vessels, by a modifi- 
cation of the apparatus, as represented in figure 385. 

2705. Take two glasses filled with the same diluted solution 
of the sulphate of soda, connect them together by a piece of 
moistened cloth, and put a wire attached 
to the positive pole of the battery into one 
of the glasses, and one connected with the 
negative pole into the other. * Water will 
be decomposed, as in the preceding ex- 
periment, and also the sulphate of soda ; 
in the former case, however, the sulphuric acid and soda detached 
from one another, meeting again in the same vessel, immediately 
combine and form sulphate of soda, so that they Cannot be ob- 
tained separate from one another ; but in the present case, all 
the acid passes into the glass connected with the positive pole, 
and the alkali into the other. If the Solution be tinged with a 
little of the blue infusion of cabbage, the usual changes of colour 
take place, and indicate the change that is going on. 

2706: By changing the position of the wires, the acid may be 
made to pass into the glass which previously contained the alkali 
in excess, while the latter takes the place of the acid. 

2707. In both these experiments, the copper-wire connected 
with the positive pole of the battery, must have a piece of gold or 
silver wire attached to it, which alone is to be introduced into 
the liquid ; a copper-wire is speedily oxidated as the water is 
decomposed, and the oxide*combines at the same time with the 



acid of the sulphate, which is separated at the same pole! 


2708. Instead of wine-glasses, 
tubes of the form shewn in figure 
387 are often employed, the sul- 
phate of soda solution being tinged 
blue by the common coloured cab- 
bage. If the glasses or syphon be 
connected, however, not by moist- 


Fig. 887. 



ENED cloth, but by dry metallic platinuifi wires, the acid and 
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alkali do not then pass from one glass to another, and each ex- 
tremity of every syphon tube becomes acid or alkaline in the 
manner represented. By reversing the position of the wires, so 
that the electric current shall pass in the opposite directions, 
the acid and alkali may be made to exchange places. 

2709. The beginner should perform some experiments, in 
the following manner, with various solutions, until he is fa-, 
miliar with the general nature of the decompositions affected by 
galvanic electricity. *The extremities of two wires being connect- 
ed with the poles of the battery, he may introduce them suc- 
cessively into the following solutions ; one or two drops only 
being used and spread upon a piece of glass, or upon a slip of 
test-paper, when it is desired to shew the acid or alkaline reac- 
tion. For experiments with so small a quantity of materials, a 
very small trough, or a few plates, will be found amply sufficient, 
or a small voltaic pile may be employed as a substitute. 

2710. I- Sulphate of Soda. The sulphuric acid appears at 
the positive pole, and the soda at the negative. 

2711. II. Iodide of Potassium. The iodine appears at the 
positive pole, and the potassium appears in the form of potassa 
at the negative pole ; wdter is also decomposed. 

2712. III. Sulphate of Magnesia. The sulphuric acid 
appears at the positive pole, and the magnesia at the negative. 

2713. IV. Metallic Solutions in general present the metal 
at the negative pole, when it is not powerful in decomposing 
water at ordinary temperatures, and as it is liberated from the 
solution. « Acetate of lead, sulphate of copper, and nitrate of 
silver, present solutions of the common metals, which afford 
crystals with extreme facility, when acted upon by a weak gal- 
vanic current. * 

2714. In experimenting with galvanic apparatus, it is fre- 
quently necessary to change the direction of the currents. This 
may be effected in most cases with facility by merely reversing 
the position of the positive and negative wires communicating 
with the apparatus emplpyed. But where this requires to be 
frequently done, Mr E. M. Clarke’s elects epetkr will be 
found very convenient. It is represented in Fig. 388, and con- 
sists essentially of a moveable frame supported on centres com- 
municating with the positive and negative poles of any gal- 
vanic arrangement, Isy the cups P and N, each centre termi- 
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Fig. 888. nating in two de- 

pending branches, 
either of which may 
be made to continue 
the electric current, 
when # inserted in 
the metallic cup 
containingmercury, 
which is placed below it. An examination of the two following 
illustrative figures will explain its mode of action ; in 389, it is 
seen arranged in the manner required when the electricity en- 
tering on one side, passes over to the opposite side. 

2715. Figure 389 shews the direction the electricity takes 
through the electrepeter, passing onwards as represented by the 



Fig. 389. Fig. 390. 



arrows and returning on the 
opposite side in the contrary 
direction from the subject 
of experim&ht. But in 390, 
the position of the moveable 
frame - work having been 
changed, the current is ob- 
served to reach the centre in 
the same manner as before, 
and then to cross over to the 
opposite sides, proceeding to 
and returning from the sub- 
ject of experiment in a direc- 
tion contrary to that which it 


formerly took. The positive and negative wires from the gal- 
vanic apparatus, are usually introduced into the posterior mer- 
curial cups, and those leading to the subject of the experiment, 
into the anterior cups, all of these being connected with the 
wires on the lower side of the electrepeter, while the moveable 
frame-work rests above. In the two last figures, the two sides 


of the moveable frame are represented as if they were laid ho- 
rizontally, that the connections of the different parts may be 
more distinctly traced ; aiid though they are shewn in connec- 
tion in Fig. 388, still it is essential that they shall not be united 
by any metallic conductor ; x in Figs. 389 and 390, shews that 
one of the wires forms a bridge over the other, so as to cross it 
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without metallic contact. It will now be seen that Fig. 388 and 
390 refer to the same position of apparatus. 

2716. The precise nature of the influence .exerted by electri- 
city on chemical action has not been minutely defined. Sir 
Humplirey Davy’s view, that chemical action is dependent upon 
the electrical relations of the elements and their compounds, 
has been very generally adopted. All elements and compounds 
are considered to have a peculiar relation to electricity, in con- 
sequence of which the^ appear at the positive or negative poles 
of the galvanic battery ; but the pole at which they are evolved 
varies under different circumstances, so that an clement which 
appears at the positive pole when (Jetaehcd from one combina- 
tion, may be evolved at the negative when liberated from an- 
other. They arc all supposed to have, or to acquire, a different 
electric condition from that of the pole to which they are at- 
tracted, and hence e l ect uo- negatives is the term applied to 
those which appear at the positive pole, while electro-positives 
are those that are attracted to the negative pole. The follow- 
ing table by Berzelius illustrates his arrangement. 


E LECT llO-NE G AT 1 V K 9. 


j ELECT IIO-FOSIT 

Oxygon. 


Potassium. 

Sulphur. 


Sodium. 

Nitrogen. 


Lithium. 

Chlorine. 


Barium. 

Iodine. 

* 

, Strontium. 

Fluorine. 


Calcium. 

Phosphorus. 


i Magnesium. 

Selenium. 


1 Glucinum. 

Arsenic. 


Yttrium. 

Chromium. r 


Aluminum. 

Molybdenum. 


Zirconium. 

Tungsten. « 


, Manganese 

Boron. 


Zinc. 

Carbon. 


Cadmium. 

Antimony. 


! Iron. 

Tellurium. 


i Nickel. 

ColuiAbium. 


Cobalt. 

Titanium. 


j Cerium. 

Silicium. 


Lead. 

Osmium. 


Tin. 

Hydrogen. 


| Bismuth. 

Uranium. 
Copper. 

* Silver. 
t Mercury. 


Palladium. 

Platinum. 

Rhodium. 

Iridium. 

Gold. 
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2717. Oxygon is always separated at the positive pole, and po- 

tassium at the negative ; other substances appear at different 
poles, according to the compounds from which they are separa- 
ted. Acids and highly oxygenated bodies appear at the positive 
pole ; but hydrogen, inflammables, and metals, are commonly 
separated at the negative pole. When elements belonging to 
the same class are separated from each other, they appear at 
different poles. * 

2718. Elements and compounds under the influence of elec- 
trical action often lose those powers of attraction which they 
may formerly have had, and acquire others. An acid, *for ex- 
ample, may be transmitted through ammonia, pota-ssa, soda, and 
other substances with which it would combine under ordinary 
circumstances, no combination whatever ensuing when moving 
by the influence of electricity. 

2719. Great additions have been made of late years to this 
department of electrical science, especially by Dr Faraday and 
Mons. Becquerel, whose investigations perhaps, are next in im- 
portance to those of Sir Humphrey Davy. Mr Faraday’s papers 
were printed originally in the Philosophical Transactions, and 
M. Becquerel’s treatise on Electricity contains a full -compen- 
dium of his views ; and particularly of the modes adopted for 
producing artificial minerals. The following brief summary con- 
tains a condensed sketch of the more important circumstances 
pointed out by Faraday. 

Dr Faraday 9 s Researches.* • • 

2720. Dr Faraday has confirmed by numerous experiments 
the views that have been generally adopted as to the identity of 
the electricity of the electrical machine anci of the galvanic bat- 
tery ; a piece of paper, ' loistened with a solution of iodide of 
potassium and starch, was found of much use as a test of elec- 
tricity in his rcsejirchcs, the iodine being set at liberty and ren- 
dering the starch blue. The great difference in the chemical 
agency of the electricity of the r.lectAcal machine and the gal- 
vanic battery, is explained by a* comparison of the quantity of 
electricity produced by each. Tkn electric battery of 15 jars, each 
containing 234 square inches of glass coated on each si $e 9 and? 

51 This account is taken principally from my text-book. 

3 B 
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charged hy 30 turns of a powerful plate electrical machine , 50 inches 
in diameter , yields no more electricity than a platina and a zinc 
wire , each 1-18 th of an inch in diameter , placed 5-8 ths of an inch 
deep , in a diluted add composed of 1 drop of sulphuric acid and 
4 ounces of water, during 3 seconds. Again, the quantity of elec- 
tricity associated with the elements of bodies in their various 
chemical combinations is so great, that , wMle electricity sufficient 
to decompose a grain of water can he easily procured during the che- 
mical action of a few grains of zinc on a diluted acid , Dr Faraday 
has inferred that no less than 800,000 charges of the electric battery 
just mentioned would be necessary to produce the same effect . 

2721. The conducting power of bodies has long been known 
to influence much the manner in which they are affected by 
electricity. Dr Faraday has added the following remarks from 
an extensive series of observations. W ater was stated by Davy 
to be essential to electro-chemical decomposition ; but this opi- 
nion can no longer be maintained. 

2722. “ All bodies conduct electricity in the same manner 
from metals to lac and gases, but in very different degrees. 

2723. a Conducting power is, in some bodies, powerfully in- 
creased by heat, and in others, diminished, yet without our per- 
ceiving any accompanying essential electrical difference, either 
in the bodies or in the changes occasioned by the electricity 
conducted. 

2724. “ A numerous class of bodies insulating electricity of 
low intensity when solid, conduct it very freely when fluid, and 
are then decomposed by it. 

2725. “ But there are many fluid bodies which do not sensibly 
conduct electricity of this low intensity ; there are some which 
conduct it and are not decomposed ; nor is fluidity essential to 
decomposition. 

2726. “ There is but one body yet discovered which, insula- 
ting a voltaic current when solid, and conducting when fluid, is 
not decomposed in the latter cases. 

2727. “ In numerous cases, as a solid becomes fluid, it loses 
almost entirely the power of conduction for heat, but gains in a 
high degree that for electricity,” and vice versa . 

272?. The extremities or poles of an electric circuit are usu- 
ally spoken of as having peculiar attractive and repulsive 
powers, to which the chemical agency of electricity has been 
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referred ; and Davy, with other chemists, considered that the de- 
composing agency was feebler in other parts of the circuit than 
at the poles. But Faraday’s views are different; the force of 
the electric current is equal, he considers, throughout all the 
circuit, and that it is more correct to speak of the particles acted 
on by the electricity in relation to the current passing through 
them, than to the poles, which are merely the doors through 
which it passes. 

2729. The transferring power of electricity, by which the 
particles are made to appear at different poles, is much influ- 
enced by the attractive power of the substances associated with 
them. Thus more sulphuric acid is carried to the positive pole 
of a battery, if it be combine’d previously with soda, which at- 
tracts it strongly, than when merely combined with water, which 
has a weaker affinity for it. 

2730. Elements, and other bodies not decomposable, are not 
affected by an electric current, unless in chemical relation to 
other matter. 

2731. No determination to a pole has been observed in cases 
of mere mixtures. 

2732. Decomposition is attributed, therefore, not to the agency 
at the different poles, but to the electricity as it affects each par- 
ticle while it passes in a current. 

2733. Again, among the more remarkable circumstaftces at- 

tending electro-chemical decomposition, the appearance of the 
elements at a distance from each other is to be particularly no- 
ticed. This does not arise from their being attracted to the 
poles, but from the compound being decomposed at each pole, 
the electricity producing a like effect at every pari of the com- 
pound through which it passes, so that aperies of combinations 
and decompositions take place throughout the substance acted 
upon between the poles. Thus, if • 

OH OH OH OH OH OH OH 

* 

represent seven particles of the confound OH, consisting of O 
and H, placed between the poles of a galvanic battery, then the 
following arrangement is produced : — 

O HO HO HO HO HO HO H • * 

This is the only explanation at all satisfactory which has been 
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offered of the appearance of the elements of a compound at the 
different poles, often widely separated from each other. 

2734. In numerous cases, the substances that appear at the 
different poles, are the secondary, not the primary products 
of electro-chemical decomposition, being formed or disengaged 
by the primary products decomposing or combining with some 
of the substances with w T hich they come in contact as they are 
evolved. 

2735. Metals which have been connected with the positive 
pole of the galvanic battery have been observed, even when 
entirely Removed from it, to have the power of promoting com- 
bination ; this was tried more particularly in reference to the 
action of oxygen with hydrogen g&s. On a careful examina- 
tion of the causes of this supposed electric action, it was found 
to depend on the surface being thoroughly cleaned in the liquid 
in which they were immersed, and that similar effects were pro- 
duced when platinum, the metal preferred in these experiments, 
was carefully cleaned by sulphuric acid and water. 

2736. Bodies directly decomposable by electricity have gene- 
rally been found to consist of 1 equivalent of each element ; and 
in simple binary compounds this has always been observed to 
be the case. 

2737. “ The chemical power of a current of electricity is in 
direct proportion to the absolute quantity of electricity which 
passes.” 

2738. The electricity which decomposes, and that which is 
evolved by, the decomposition of a certain quantity of matter, 
are alike. 

2739. The f quantity of electricity required for the decomposi- 
tion of an equivalent weight of a simple binary compound (con- 
sisting of 1 equivalent of each element), is the same with that 
necessary to effect the decomposition of an equivalent quantity 
of any similar binary pompound. 

2740. * The term electro-chemical equivalents refers to 
the quantities of substances separated from any compound by a 
given amount of electricity ; and referred to a standard of com- 
parison, they are found to approximate as nearly .as could be 
expected to the ordinary equivalent numbers. 

1 2741. The definite nature of electro-chemical action, and the 
correspondence between the chemical equivalents of bodies as- 
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certained in the usual manner, and from the quantity separated 
by a given amount of electricity, are equally novel and import- 
ant in the history of chemical science. 

2742. In pursuing his researches, Dr Faraday found it neces- 
sary to employ an instrument which he contrived with the view 
of measuring the quantity of electricity produced, and employed 
in different experiments. Having shewn that th^ chemical de- 
composing action of a current of electricity is constant for a 
constant quantity, however variable in \ts course, in its inten- 
sity, and in the nature of the poles and conductors employed, 
water was chosen to indicate the strength of the current passing 
through it by the quantity decomposed, being acidulated with 
sulphuric acid to make it n better conductor. The apparatus 
employed consists of a vessel containing the fluid, in which two 
wires or plates of platinum are introduced, placed at a little 
distance from each other. The wires being connected with the 
galvanic battery, so as to form part of the circuit, the quantity 
of water decomposed at the same time that other effects are 
produced by passing the electricity through different substances 
in another part of the circuit, affords an excellent standard of 
comparison. The instrument is tevmed the Volta Electko- 
mktkb, or Voltameter. 

2743. Mr Roberts has introduced 
a form of Voltameter which is repre- 
sented in the annexed Fig. 391. PN 
shew the wires connected with the 
battery disengaging gas in the usual 
manner, in water acidulated with sul- 
phuric acid ; the amount of gas evolved 
is measured by the space it occupies 
in the graduated tube.. The accu- 
mulated gas is allowed to escape by 
opening the stopcock, the acid liquid 
then descends in the opposite stem, 
fills the space from which the gas has 
been expelled, and the instrument is 
now ready for a new observation. 

2744. Dr Faraday has introduced the following ijpw terms, 
to save circumlocution, and express more specifically than *he 
could with those now in use many % of the circumstances attend- 
ing electro chemical decomposition. 


Fig .39 L. 
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2745. Electrodes, from faexrgov and oBog; a way, used instead 
of poles, as they are regarded merely as the doors by which 
electricity passes ; they are the boundaries of the decomposing 
matter in the direction of the electric current. 

2746. Anode, cba, upwards, and oBog, a way ; that part of the 
surface of a decomposing body which the electric current enters ; 
the part immediately touching the positive pole. 

2747. Cathode, xara, downwards, and oBog ; that part of the 
decomposing body which the current leaves ; the part next to 
the negative pole. 

2748. Electrolytes, riki xrgov and Auw, I separate ; a body 
which can be decomposed directly by electricity. Electro- 
lyzed means electro-chemically decomposed. 

2749. Anion, cb/ov, that which goes up ; a body which passes 
to the positive pole, to the anode of the decomposing body, as it 
is separated by electricity. 

2750. Cation, xanov , that which goes down ; a body that 
passes to the negative pole, to the cathode of the decomposing 
body. Ions signify anions or cations. 

Effect of Galvanic Electricity on Animals . * 

2751. Galvanic electricity differs principally from the electri- 

city of *he electrical machine, in having a very low degree of 
tension, while its quantity is great, and sustained continually so 
long as the strength of the acid mixture commonly employed 
is kept up. For medical purposes, where it is frequently to be 
used, many prefer it to the electricity of Jhe electrical machine, 
that part of the body to be subjected to its action being made, 
in the usual manner, part of the circuit, and placed accord- 
ingly between the positive and negative poles of the galvanic 
battery. , * 

2752. Mr Kemp has recommended the following method to 
be adopted, where it is considered advisable to avoid the shock 
communicated, on making or breaking contact. The connec- 
tion being made between one pole of the battery and one ex- 
tremity of the part through which the electricity is to be passed, 
a metallic plate or ball terminating in two wires, is to be em- 
ployed in ‘completing it. The plate or ball being placed on the 
other extremity of the part alluded to, one of the terminating 
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wires is made to touch the pair of plates next to the pole of the 
battery first connected. While this connection is maintained, the 
other wire is moved beyond it, and then, the first lifted past it 
again, taking care always to maintain the connection with one 
wire, while the other is moved forward to include an additional 
number of plates. Care must be taken that the wires shall be 
moved back in the same*manner they were advanced before the 
connection is entirely broken. 

2753. Galvanic electrity having an extremely feeble tension, 
does not pass through the dry cuticle, and* hence it is necessary 
to moisten it with a solution of salt or with vinegar, in passing 
electricity through the body. 

2754. As a great variety of # susceptibility is observed in dif- 
ferent individuals in reference to the electric fluid, great care 
should be taken in giving a galvanic shock to an invalid with a 
strong battery ;• some individuals are but slightly affected by 
shocks which affect others with violent convulsive movements. 
Perhaps tlfb coil machine, described in the succeeding chapter, 
is better adapted for medical purposes, than any other form of 
electrical apparatus which has hitherto been invented. 


CHAP. IV.— MAGNETIC ELECTRICAL MACHINE, &c. 


2755. Since Oersted laid the foundation? of the* science of 
electro-magnetism, by Mis important discovery of the influence 
of a galvanic current upon the magnetic fluid, few branches of 
science have advanced with such extreme rapidity, more espe- 
cially by the additional researches of Ampere^ Biot, and Arago, 
on the continent, and of Davy, Faraday, Ritchie, and 'Barlow, 
in this country. The production of an electric spark, by the 
actioh of a magnet, in the experiments of Nobili and Antinori, 
Forbes, and Faraday, have added much- to the interest of this 
subject, and also the invention of an instrument by Pixii, for 
producing the electric spark continuously, and of another by 
Saxton. Those who are desirous of studying this subject, are 
referred to Roget’s Treatise, in the Library of Useful Know- 
ledge, to the jyprks ^ AmnogrL ptv 1 Murphy, to the 



7G0 


MACS NET 1C ELECTRICAL MACHINE. 


Philosophical Magazine, and to the Annals of Electricity, &c., 
conducted by Mr Sturgeon. Faraday’s researches will be found 
in the Philosophical Transactions. 

2756. Any galvanic arrangements may be employed to illus- 
trate the action of an electric current upon the magnetic fluid ; 
but when a single pair of plates is used, few arrangements will be 
found more t convenient than that represented in the three follow- 
ing figures, 392, 393, 394. These give a sketch, a section, and 

Fig. 392. Fii.,393. Fig. 894. 


a ground plan, of a circular pair of plates, in which a thick cylin- 
der of zinc is introduced into a circular cell of copper, both 
surfaces of the zinc being opposed to a surface of copper ; the 
zinc rests on baked wood,, or glass, so as not to be in metallic 
contact with the copper. This arrangement is usually excited 
by dilute sulphuric or nitric acid, the strength being increased 
in proportion to the effect required. 

2757. Connect the extremities of a galvanic battery, or of a 
single pair of plates with a metallic wire, and approach to it a 
magnetic needle, it is instantly deflected, if placed above or below 
the wire, but if arranged in the same plane the needle tends 
to move vertically. The extent of deviation is influenced by 
the magnetism of the earth, and if this be counteracted by the 
action of another magnetic needle ; it will then be seen that 
the magnetic needle tends to assume a direction at right angles 
to an electric current. 

2758. A magnetic needle, Fi ^ a * 5 - 

a b , figure 395, placed so as 
to be surrounded in the man- 
ner represented by a metallic 
wire, the extremities of which 
are aria Aged so as to be easily 
connected with the wires pro- 
ceeding from the poles of any 
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galvanic apparatus, is usually termed a Galvanoscope, or Gal- 
vanometer. 

2759. If, instead of a single coil, a large wire shall be em- 
* ployed, which shall be thrown in numerous convolutions round 

the needle a b, in the preceding figure, it then forms 'Schweig- 
geu’s Multiplier, each convolution increasing the influence of 
the current made to pass through it. In this case, the wire 
must be covered by a silk-thread to prevent a spark passing from 
one convolution to another. In the thermo-multiplier of Melloni, 
described in the succeeding chapter, N Shews this form of the 
instrument, the suspended needle being rendered astatic by 
another needle placed opposite the first and parallel to it, but in 
a reverse position, the north pole of one being placed against the 
south pole of the other. In this astatic needle, the indications 
are more delicate, the more perfectly the influence of the one is 
neutralized by that of the other, previous to the action of the 
galvanic current. 

2760. So intimate is the connection between Light, Ileat , 

Electricity, Magnetism, and Chemical action , that all these may 
be observed in operation at the same moment in numerous expe- 
riments. If a copper wire be coiled round a piece of soft iron 
previously thrown into the form of a # liorse shoe, and an electric 
current be passed through it, in the manner represented in 
figure 396, the chemical ac- 
tion takes place between the 
zinc and exciting fluid employ- 
ed ; the development of heat 
is indicated by the rise of tem- 
perature ; light is observed 
when the extremities of any of 
the wires are taken out of the 
small connecting cups filled with 
mercury ; electricity passes 
through the circuit, in the manner indicated by the arrows, and 
renders the iron magnetic, which can now be made to support 
a very considerable -weight. !3ut if the electric current be in- 
terrupted for a moment, by lifting any of the wires out of the 
mercurial connecting cup, the iron loses its magnetic power, 
and the weight falls to the ground. • 

2761. In examining the influence of electricity upon magnets, 


Fig. 393. 
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a power or force is considered to act ^tangentially upon their 
poles, and perpendicularly to the direction of the current. A 
magnetic pole loosely suspended tends to move round a pole, as 


Faraday pointed out. For this purpose, a conducting wire is 
introduced into a vessel nearly filled with mercury, one pole of 


a magnet, Fig. 397, projecting beyond the mer- 
cury, while t'he other is attached by a thread to 
the conducting wire which carries off the electric 
current. The magnetic pole revolves round the 
conductor when the extremities of the two wires 
are connected with the galvanic battery. On the 
other hand, if the magnetic pole be fixed in the 
vessel employed to contain the mercury, and onc^ 
extremity of the conducting wire be left free 
liberty of motion, as in the following figures, 
398, 399, then the conducting wire rotates around 


Fig. 307. 



the magnet. 

2762. In the Magnetic 
Electrical Machine of Pixii 
and Saxton, the electricity de- 
veloped is induced in a copper 
wire, coiled round the keeper 
of a magnet — the keeper is the 
bar thijt unites the opposite 
poles of the magnet. It is 
placed at right angles to the 
poles of the magnet, and a 
magnetic euVrent flows through 
it, or is induced in it, as it is 
brought in contact with the 
poles, being destroyed again 


Fig. 303 , Fig. 390. 



as it is withdrawn or turned in another direction. But when 
the keeper is magnetic, electric currents are induced in the 


surrounding coil, and the extremities of the coil are separated 


from each other as the keeper leaves the magnet, that successive 
electric sparks may be developed so rapidly as to maintain a 
continued light. * 


2763. With the electricity developed in this manner, all the 
ordinary effects of this power may be produced. The following 
description of the magnetic electrical machine, made by Mr 



MAGNETIC ELECTRICAL MACHINE. 


763 


E. M. Clarke, Lowther Arcade, London, and with the improve- 
ments he has introduced, is taken from the Annals of Electricity, 
and illustrates the manner in which it is used. The letters apply 
to figures 400, 401, 402, and 403. 

Fifcs. -100, 401, 402, and 403. 



2764. A is a battery of bent bar magnets, placed vertically , 
and resting against four adjusting screws, which pass through 
the mahogany back-board B ; C is a bar of ^fetout brass, having 
an opening in the middle, through which passes a boty with a 
screw, the purpose of which is to draw the magnetic battery tc> 
the board B. By these means, the battery can readily be dis- 
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engaged from the machine without taking asunder the entire 
apparatus ; and the battery is thus also freed from that vibra- 
tion which must necessarily be occasioned by the attachment of 
the rotating apparatus to the battery itself. D is the intensity 
armature, which screws into a brass mandril seated between the 
poles of the battery A, motion being communicated to it by the 
multiplying wheel E. This armature has two coils of fine insu- 
lated copper wire, 1508 yards long, coiled on its cylinders, the 
commencement of each coil being soldered to the armature D, 
from which projects a brass stem (also soldered into D) which 
carries the break-pieces H and H. The break-piece is made 
fast, in whatsoever position it may be required, by a small bind- 
ing screw. K and K is a holjow brass cylinder, to which the 
terminations of the coils F G are soldered, being insulated by a 
piece of hard wood attached to the brass stem. O and O are 
hollow wire springs, pressing against the hollow cylinder K at 
oue end, and held in metallic contact by a screw in the brass 
strap M, which is fixed to the side of the wooden block L. P 
and P is a square brass pillar, filling into a square opening in 
the other brass strap N, and secured at any convenient height 
required. Q and Q is ajnctallic spring that rubs gently on the 
brass piece H, and held in perfect metallic contact by the screw 
in P. T and T is a piece of copper wire for connecting the two 
brass ^straps M N ; then D, H, Q, P, N, are in connection with 
the commencement of each coil, and K, O, M, with the termi- 
nations. 

2765. The machine is brought into action by turning the 
multiplying wheel, when the coils F G evolve rapidly, the extre- 
mities of the # wires which terminate in the eccentric break 1 1 and 
the wire pressing upon it, separating from each other at the 
*>amc time that the ai'mature leaves the poles of the magnet. 

2766. Two different armatures are employed with this machine. 
The Quantity Armature, for producing the spark, consisting 
of a thick wire ; while the Intensity Armature, for producing 
the shock, and effecting chemical decomposition, consists of a 
much longer, but smaller wire. 

2767. W and X^represent the different modes in which the 
breaks are arranged, according as a double or single break is 
required' in each revolution. These Breaks are essential to 
facilitate the separation of the extremities of the wires ; and, 
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when a single break is used, the electric current always moves 
in one direction ; but, when the double break is employed, the 
current is excited, and reversed at each revolution of the coils 
F and G. . 

2768. “ To adjust the intensitv armature. See that the 
faces of the iron cylinders that carry the coils F G, Fig. 400, 
are parallel to, and all but in contact with, the magnetic battery 
A. If not, unscrew the nut of the multiplying wheel E, and take 
it off its axis. You then have at your command th§ four screws 
against which the battery rests. By means of them, and the nut 
of the strap C, you can adjust the battery to the greatest -nicety. 
The next step is to adjust the break, so that the spring Q will 
separate from it at the same tiiAe that the iron cylinders of the 
armature have left the poles of the magnetic battery ; and lastly, 
see that the iron wire spring O, presses gently against the hollow 
brass cylinder K.” 

2769. To give tiie shock. Grasp the two brass conductors 
It S in the hands ;* put one of their connecting wires into the 
holes of either of the brass slips M or N, the other wire into the 
hole at the end of the brass stem that carries the break II ; con- 
nect M and N by T ; turn the multiplying wheel in the direc- 
tion of the arrow ; and a violent shock will be received by the 
person holding R S. The shock which is obtained from the in- 
tensity armature, having 1500 yards of line insulated wire, is 
such, that a person, even of the strongest nerves, will not readily 
volunteer to receive a second shock if the machine be worked 
quickly. 

2770. Place It S in two separate basins of salt and water, im- 

merse a hand in each basin, and the shock will also be felt very 
powerfully. This method is to be preferred, as it leaves the per- 
son who is electrified the .power of quitting when he pleases! 
Not so with the conductors, for then the muscles of the arms 
often contract violently, so as to close the hands completely on 
the conductors, taking away the power of letting them go unless 
the assistant instantly ceases to turn the wheel E. If the two 
connecting wires of BS are put in* M N, the shock is not so 
powerful. * 

v If tho hands are moistened with vinegar, or salt and water, ike effect js 
considerably increased. 
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2771. The Decomposition of Water. For this purpose, 
the apparatus represented in the annexed Figure (404) is at- 
tached to the machine. A is a glass vessel, having a brass cup 
with hard wood bottom, through which two pieces of copper wire 
pass, having pieces of platina wire soldered to them. Place this 
in M N. Fill the tube B with water. Place it over the platina 
wires, whei-e it will be held by the cork C. Q must, rub on the 
cylindrical part of the break H. Here the gases are obtained 
mixed. By using one tube over each wire, the gases may be 
obtained separately. The operation advances quicker with a 
solution of sulphate of soda instead of water. 



2772* To make platina wire red hot. Figure 405 shews 
the arrangement for this purpose. While the platina wire is 
red hot, ether may be inflamed, gunpowder exploded, and other 
experiments of a similar nature performed. 

2773. To render soft iron magnetic. In Figure 406, A is 
a piece of soft iron, bent as in the figure, with a soft iron keeper, 
which adheres to the iron on the connection being made as re- 
presented, so long as the machine is in action. 
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Fig. 407. 



2774. To ignite charcoal. Figure 407 represents tlie ar- 
rangement of the apparatus for this purpose. The same direc- 
tors that are used to hold the sponges may be used to retain the 
charcoal points A B in theii; proper position (page 738). 

2775. The Coil Machine consists of a primary and secondary 
coil of copper wire, the first being excited by a galvanic current, 
and inducing electricity in the second coil which surrounds it, 
the extremities of the latter being employed for communicating 
the electric shock. The annexed Figure (408) illustrates its 

construction, the thick wire 
through which the electricity 
is transmitted from the galva- 
nic apparatus being wound 
upon a cylinder of wood, while 
the secondary coil is represented by a thinner dotted line. 

2776. In giving shocks with the coil machine, the communi- 
cation between the exciting galvanic apparatus and the coil 
should be frequently broken. One of the simplest methods con- 
sists ift interposing a file 
between it ^nd the galva- 
nic apparatus (Fig. 409), 

upon which the connecting wire is made*to move backwards ami 
forwards, contact being continually renewed and broken by its 
unequal surface. 

2777. In the complete coil machine represented in the an- 
nexed Figure (410), instead of a coil, a wheel with many teeth 
is employed as a break, the contact being made and broken as 
the wire pressing against the wheel or break passes from one to 
another ; or the break proposed by Mr Nesbitt, and represented 
in the Figure, may be adopted, the interstices betweeif the te$th 
being filled with wood, so as to enable the machine to work more 


Fig. 409. 



Fig- 108 . 
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easily, while the contact is broken every time the wire vests on 
the small pieces of wood, being renewed again as it touches the 
metal. A B are the connecting wires leading from the galvanic 
apparatus to the primary coil ; K, a continuation of A resting 
upon the break L, from the centre of which, on the other side, 
descends the wire M, terminating in the primary coil ; C D, the 
extremities of« the secondary coil, with proper handles for com- 
municating the shock to any individual who may lay hold of 
them ; EF, wires connected with the, primary coil for commu- 
nicating Jthe shock it produces, or producing any other galvanic 
effect. 

2778. This machine, though excited by a comparatively weak 
galvanic apparatus, gives shocks so powerful, that few or none 
can withstand them when tlie multiplying wheel is turned rapid- 
ly, which must always be moved before the apparatus is brought 
into action. If a bar of iron, or a bundle of small pieces of iron 
wire, be placed in the centre of the coil, as H I, the power of 
the apparatus is greatly increased. In Fig. 409, the illustrative 
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transverse section of the coil apparatus, x shews the aperture 
in the wooden cylinder into which the iron is introduced. 

2779. No apparatus is more convenient for the communication 
of electricity for medical" purposes than the coil machine, as its* 
effects can be regulated with so much precision, according to the 
strength of the galvanic apparatus with which it is excited, and 
the rapidity with which the multiplying wheel is turned. 

2780. In all experiments with electricity in motion, it ought 
to be particularly recollected, as Faraday, pointed out, that an 
electric current from a galvanic circuit passing through one helix 
induces an electric current in another adjacent helix , only at the mo- 
ment that the circuit between the first helix and the galvanic appa- 
ratus is made or broken. • • 

2781. Again, as wires conducting galvanic electricity can pro- 
duce motion in magnets properly supported for this purpose, so 
also, if the exciting galvanic apparatus be removed, and the ends 
of the wires be brought into metallic contact, then, on producing 
similar motions by a mechanical action, the same electric condi- 
tion is induced in the connecting wire that is excited by the 
bat ter v. 


CHAP. V — THERMO-ELECTRICITY — MELLONFS 
THERMO-MULTIPLIER— PELTIER’S HYGROMETER. 


2782. The discovery of the development of electricity by the 
action of heat, or of Thermo-electricity, as it is usually 
termed, is due to Dr Seebeck. Becqucrdl has made many inte- 
resting investigations in this branch of science, and Sturgeon, 
Cumming, Melloni, Peltier, and other distinguished experimen- 
talists, have also made important investigations in the same field. 

2783. Seebeck employed a very simple apparatus at first, in 
which a metallic circuit, composed ofttwo metals soldered at their 
extremities, produced the electric current, one of the solderings 
being heated, while the other was maintained at a different tem- 
perature. Becquerel has shewn that electricity may»be deve- 
loped even in a metallic circuit composed of a single metal, 

3 c 
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more especially by collecting the metal in unequal quantities at 
different parts. 

2784. In the thermo-electric pile, a series of bars of bis- 
muth and antimony are usually employed, the extremities being 
soldered to each other, and arranged, so that each alternate con- 
nection may be heated while the other is cooled. An extreme 
variety of arrangements may # be adopted in the disposition of the 
pile. It may be thrown into the form of a ring, or arranged in 
the zig-zag manner shewn in Melloni’s thermo-multiplier, or in 
Peltier’s hygrometer. The annexed Figure (411) represents a 


Fiff.411. 
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form of the apparatus which is frequently used in illustrative ex- 
periments. It consists of bars of bismuth (a) and of antimony 
(b), those of bismuth terminating in an appendage which can 
be placed in ice, and maintained at a low temperature, so as to 
keep the solderings next them cool, while the others are heated 
by lamps. On connecting the extremities, the galvanometer 
being interposed, an electric current is indicated by the deflec- 
tion of the needle. 

2785. The thermo-multiplier is an extremely delicate ther- 
moscope, indicating deviations of temperature so small, that it 
is acted upon by the beat radiating from any individual, although 
it may be placed at a distance of twenty or thirty feet. It con- 
sists essentially of a series of thermo-electric couples, and of a 
galvanometer with an astatic needle. The first constitutes the 
thermoscope, but the latter is essential to indicate its action. 
The heat excites electric currents in the couples ; and its extre- 
mities being attached to the metallic wires of a galvanometer, 
the magnetic needle is deflected, according to the intensity of 
the calorific influence. 

2786. Two kinds of thermo-multipliers are employed, one in 
which the couples are blackened with smoke, for experiments 
with radiant heat. In the other they are left brilliantly metal- 
lic, and used for experiments with heat communicated by con- 
duction. 1 

2787. The annexed Figure (412) shews the mode that may 
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be adopted in arranging the antimony and bismuth employed, 
the extremities of which are soldered together, so as to form a 
continuous metallic chain, disposed in parallel rows communi- # 
eating by their nearest extremities. It is unnecessary almost to 
remark, that the bars of antimony and iron must not touch each 
other except at their soldered extremities, and that they must 
also be equally prevented from touching, by metallic contact, 
the circle which supports them. 

Fig. 413. Fig. 4 14. .Fig. 412. 



2788. It will also be observed, that the soldered extremities 
represented by the uneven numbers, 1, 3, 5, &c. (Fig. 413), ap- 
pear on one side or face of the pile, while the even numbers, 
2, 4, 6, &c., are seen on the other, and constitute the second face 
of the pile. F F (Fig. 414) arc the # connectors by which the 
extremities C C are attached to the galvanometer. 


Fig. 415. 



2789. In the next Figure (415), the circle t contains the 
thermo-electric couples, which are supposed to be acted upon by 
the radiant heat falling upon one of the faces of the soldcrings 
opposed to the rays. - A section of a conical metallic tube b, is 
attached to it, which performs the office of a reflector, while the 
other side is connected with a cylindrical tube c. # The heat 
acting upon the extremity is disengaged from the lamp burnihg 
within l , and passes through the aperture in the screen s , where 
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any material to be subjected to experiment is placed, the amount 
of heat transmitted being indicated by the deflection produced 
in the compound astatic needle of the galvanometer n. 

2790. 'The screw V, in Figs. 412 and 413, serves to fix the 
couples in a proper situation upon the support, so that they may 
afterwards be turned in any direction required. The letters a b 
shew the successive bars of antimony and bismuth. C C should 
be soldered to F F, to ensure a perfect metallic connection. It 
is scarcely necessary to remark, that, in the complete view of the 
tlicrmo-multiplier given in Fig. 415, the circle t , containing the 
couples; is placed in a perpendicular position, one set of solder- 
ings being opposed to the radiant beat, while the other is turned 
in the? contrary direction. But, in Tigs. 412 and 413 a different 
position is given, that the connection and arrangement of the 
bars may be more distinctly understood. 

2791. The tubular reflector b is often dispensed with in some 
experiments ; but in others, where the rays arc not projected 
directly upon the exposed extremity of the pile, it is of great use, 
bv collecting and reflecting inwards those rays that might other- 
wise be lost. 

2792. Peltier’s Electric Hygrometer* is founded on the 
same principle as Leslie’s, the cold produced by evaporation be- 
ing taken as the indication of the dryness of the air ; the greater 
the cold the greater the evaporation, and consequently the 
drier the air. The reduction of temperature is measured by a 
thermo-electric apparatus, represented in the annexed figure, 

416. B B B, three couples 
of bars of antimony and 
Fi g . u«. bismuth, forming the ther- 

mo-electric pile ; A is a 
disc of wood by which it 
is sustained, being fixed 
by a screw attached to 
the lower part of the ap- 
paratus ; E a cylinder of 
card ; F, a receiver co- 
vering the whole appa- 
ratus ; C, the galvanome- 
ter. the needle only being 
From llecqucrel’s Traite d’EIectricite. 
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seen ; D, a small capsule of platinum containing distilled water, 
in which the evaporation takes place that produces the cold. 
The bars in this pile are thrown into the form of a crown that 
they may support the platinum capsule, and be placed in con- , 
tact with it. When it is brought into action, it miistHbc freely 
exposed to the air subjected to experiment, but protected care- 
fully from the influence of currents by the receiver, and from the 
radiation of external objects by cqvering the receiver with pa- 
per. It is obvious that the superior extremities, on which the 
capsule is placed in taking observations, must be exposed to a 
reduction of temperature according to the amount of evaporation, 
when the galvanometer will bo proportionally affected.** 


PART III. 


( MAP. I.— THK LABORATORY— MfHCKLLANKOIJS 
APPARATUS. 

2793. Most of the apparatus required for performing the dif- 
ferent experiments detailed in this work having been described 
along with the experiments themselves, it will be sufficient in 
this chapter to make some general observatifms on *the labora- 
tory, and on miscellaneous apparatus that may be useful to the 
beginner. 

2794. “ The Laboratory” is a term \\%ed in such an extreme 
variety of significations, that it is impossible to give any rules in 

* In Professor Jameson’s Journal for October 1830, &e. the reader who may 
be more particularly interested in the history of atmospheric electricity and 
the phenomena of thunder and lightning, will find a very full account of this 
subject by Arago. • 

The electric telegraph presents a beautiful practical application of this science. 
The first was introduced at St Petersburg!! ; it lias also been constructed of 
various forms at Berlin. In this country, Professor Wheatstone and Mr Alex- 
ander have been engaged in the same subject, and a very elaborate and ii^ge- 
nious telegraph has been constructed by Mr Ponton, a model of which may ho 
seen at the Boo. of Arts for Scotland. 
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reference to a subject of such extent and importance which will 
not require to be modified in almost every case, according to the 
views of the operator and the time and the expense he may intend 
to devote to it. The student whose time is much occupied with 
many different branches of science, may content himself by pur- 
chasing fifty or sixty specimens of chemicals, including half a 
dozen of phials with acids and alkalis, and a test tube, and with 
these the (whole cost of which may not exceed between five and 
ten shillings), by operating on fiat glass and slips of paper, with 
the assistance of a cofnmon lamp or candle and an ordinary fire, 
he may perform many thousands of test experiments, such as he 
may have seen on the larger scale in the lecture room, and be- 
come thoroughly familiar with the leading action of chemical ac- 
tion, by renewing again and again these experimental illustra- 
tions at his own convenience at home. 

279/5. The small museums with flat glass, prepared by Mr 
Macfarlane, consisting of about GO specimens, with bottles con- 
taining the most important acids and alkalis, are extremely use- 
ful in enabling the student, who has neither time nor opportu- 
nity to operate with more extensive apparatus, to make himself 
familiar with a wide range of chemical phenomena. 

279G. The following list of materials and apparatus may be 
useful to those proposing to commence a series of experiments 
by themselves : — 

Sulphuric, Nitric, and Muriatic Acids ; solution of Potassa and Ammonia, — 


all these must he kept in stoppled phials. 


Sulphur. 

Phosphorus. 

Iodine. 4 

* Fused Potassa. 

* Carbonate of Potassa. 
Bicarbonate of Potassa. 

* Sulphate of Potassa. 
Nitrate of Potassa. 
Chlorate of Potassa. 

Pi tart rate of Potassa. 

* Ferroprussiate of Potassa. 

* Bichromate of Potassa. 

* Iodide of Potassium. 

* Silicated Potassa. 

* Carbonate of Soda. 
Bicarbonate of Soda. 

e Pliospliate of Soda. 

* Oxalato of Ammonia. 

* Carbonate of Ammonia. 


* ULydrosulpliuret of Ammonia. 

* Chloride of Lime. 

* Muriate of Lime. 

Sulphate of Lime. 

Pliospliate of Lime. 
Pliosphuret of Calcium. 
Fluoride of Calcium. 

Sulphate of Baryta. 

* Nitrate of Baryta. 

Sulphuret of Barium. 
Strontia. 

* Muriate of Strontia. 
Magnesia. 

Sulphate of Magnesia. 

* Alum. 

Silica. 

Iron. 

Oxide of Iron. 

Peroxide of Iron. 
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Sulphate of Iron. 
Permuriate of Iron. 

Lead. 

Sulphurct of Lead. 
Litharge. 

Red Oxide of Lead. 
Carbonate of Lead. 
Acetate of Lead. 

Nitrate of Lead. 

Ore of Cobalt (Arscnuret), 
Tin. 

Bismuth. 

Antimony. 

Sfulplmret of Antimony. 
Copper. 


Nitrate of Copper. 

Zinc. 

Oxide of Zinc. 
Arscnious Acid. 
Sulpliuret of Arsenic. 
Binoxide of Manganese^ 
Mercury. 

Binoxide of Mercury. 
Bichloride of Mercury. 
Bisulphuret of Mercury. 
Bicyanidc of Mercury. 
Nitrate of Silver. 
Bichloride of Platinum. 
Terchloride of Gold. 
Tincture of Galls. 


Sulphate of Copper. 

Oxalic, Tartaric, and Benzoic Acids. 

Cabbage, Turmeric, and Litmus Test-papers ; Filtering Paper. 

Chalk or Marble, Sulpliuret of Iron, and Borax, may be provided in lar- 
ger quantities. 


Pneumatic Trough with Shelf. 
Pneumatic and Precipitate Jars, with 
Tin Trays. 

Tube Retort, Receiver, and Funnel. 
Basin for evaporating. 

Watch Glasses. 

Test-Tubes. 

Pipettes. 

Bojttle and Bent Tube. 

Spirit-Lamp. 

Glass Funnel. 

Slips of Glass for Solution, Evapora- 
tion, Crystallization, Fusion, and 
Testing. 

Apparatus for instantaneous Light. 


Retort, Stand, and Ring. 

Cupped Steel Block with Steel Bar. 
Triangular Supports made of Wires of 
different Metals. 

Crucibles. 

Blow-^jpe. 

Blowpipe Lamp. 

Blow-pipe Cups. 

Brass Mould for making them. 
Platinum Wire. m 

Supports for Candles, Sulphur, Phos- 
phorus, Test-Tubes. 

Iron- Wire, Slips of Copper and Tin. 
Phials, Test-Tubes. 


2797. Paper dipped in different fluids and then dried is well 
adapted for illustrating a # great variety df chemical phenomena. 
Dip different slips of paper into solutions #of nitre, nitrate of 
lead, and nitrate of copper ; dry them and set them on fire, so 

* An * (asterisk) indicates that the substance before which it is placed should 
be kept in solution as well as in the solid fo^m. Phials capable of holding from 
one dram to two or three . ounces are sufficiently large for holding the tests. 
Boxes containing the materials, &c. represented above, should not cost more 
than about three pounds : when of the larger size, and intended for introductory 
courses*in schools and academics, from five to ten pounds may jje expended 
upon them. * 
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as to burn without flame ; carbonate of potassa, highly alkaline, 
is produced with the first, metallic lead and copper with the 
others, the copper immediately attracting oxygen, and assumes 
a dull appearance. 

2798. cTake other portions of paper, put upon them a number 
of drops of any solutions to be tested, and apply the different 
tests. Cartridge paper docs best for this purpose. Sometimes 
the paper is' dyed in a metallic solution, and the tests applied by 
dipping a pen in them, and writing with it on the paper. 

2799. But Avheu a laboratory is to be provided on a larger 
scale, either for teaching the practice of chemistry, or for those 
whose leisure, opportunities, or professional engagements lead 
them to enter upon an extended and elaborate course of experi- 
ments, then there is no limit to its extent, nor to the various 
arrangements that may be adopted to give power and facility in 
conducting chemical operations. Each individual, accordingly, 
should consider well the extent to which he proposes to experi- 
ment, and from the illustrations already given, and those which 
will he added at present and in subsequent parts of this work, 
little difficulty will be experienced in arranging a plan suited 
to the peculiar circumstances of each individual case. 

2800. Whenever it is possible, different apartments should be 
attached to the laboratory, more especially one for delicate in- 
struments, and for weighing the results of analytical investiga- 
tions, another for cleaning the apparatus employed, and a third 
for materials, or at least for a large stock of those that may tend 
to produce acrid fumes. 

2801. One principal fire-place for supplying fuel already 
kindled, conducting ordinary operations requiring no great ele- 
vation of temperature, for heating water and a sand-bath, is of 
great use. One furnace also should be provided, capable of pro- 
ducing an intense heat. The annexed Figure (417) gives a 
sketch of a chimney surrounded by four furnaces, any of which 
may be arranged, so as to be used as an open fire-place, if the 
apertures leading to the others be closed ; and, having tried a 
number of chimneys of this form, I am satisfied that they arc ex- 
tremely well adapted for a 'great variety of chemical operations. 
The vent is only ten inches square, and from fifteen to twenty 
feet high ; and, one furnace being fitted up, it may be used for heat- 
ing* a tut>e traversing it (B), for crucible operations (C), for a 
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Pig. 417. 

B 


muffle D, such as is used 
in eupellation, and for a 
boiler or still (E). See 
Furnaces and F\re- m 
places, pages 144 to 154, 
and, more particularly. 
Figs. 131, 132. With a 
- chimney no larger than 
that shewn in 417, and 
with four furnaces in 
full operation, the area 
of each being a* cube of 
ten inches, all ordinary 
metals may be quickly 
melted, and a button 
of metallic iron procured with facility from the ore when treated 
in the manner described under iron. 

2802. Fig. 418 represents a similar chimney on a smaller scale, 

Fig. 4 IS. 




which will give a better idea of the arrangements that may be 
connected with it, more ospecially for ventilation, a is the fur- 
nace heating any mixture in an iron pot, from wliich.offensive 
fumes are discharged ; b, the chimney ; c, a hood by which fumes 
are collected; e , a small fire-place with a descending flue, in 
which charcoal principally may be used, with a flask containing 
a liquid boiling, and (Jischarging atrid vapours ; / an evapora- 
ting basin ; d , another evaporating basin placed over a descend- 
ing flue. Where the apertures leading into one chimney are very 
numerous, arrangements should be made for plugging up those 
not in use, that the others may act more powerfully. 

2803. Where a very high temperature is frequently required, 


778 MISCELLANEOUS APPARATUS. 

a blast furnace is used. It is supplied with air solely by a pair 
of double bellows or by a fanner. For many purposes nothing 
will be found so convenient as a smith’s forge, and in every vil- 
lage there are masons who can build them. When the fuel em- 
ployed gives but a small quantity of ashes, the body of the fur- 
nace may have a form similar to Mr Aikin’s furnace, and be 
built of fire-bricks joined by Stourbridge clay, or some other 
fire-clay, allowing a free opening above for the escape of air. 
If, however, the furnace is not to be used solely for crucible 
operations, but to be Employed in other processes where a con- 
siderable quantity of scoriae may be melted, the opening foi 1 the 
bellows had better then be made at the side, and a little higher, 
that these may be run off by an aperture below when necessary. 

In many cases a sufficient increase of 
temperature for experiments on the 
small scale may be easily procured, by 
converting a common furnace into a 
temporary blast furnace in the manner 
represented in the figure. An addi- 
tional opening is made below the grat- 
ing for the nozzle connected with a pair 
of double bellows ; it is scarcely neces- 
sary to mention, that this aperture 
must be completely closed, when the 
furnace is in use, by the nozzle of the bellows, and the furnace 
door must also be shut, closing any small opening afterwards 
with a little clay. See page 289. 

2804. Instead of constructing a blast furnace of fire-bricks, 

Mr Aikin contrived a very 
convenient one which may 
be made of three large cru- 
cibles or melting-pots ; the 
lower part of the first one 
serves as a resting-place 
for the body of the furnace, 
and a hole drilled in it ad- 
mits the nozzle of the bel- 
lows. A larger portion of 
another crucible is placed 
above this, and forms the 
body of the furnace, four or five holes being drilled in it to admit 


Fig. 420. 



Fig. 419. 
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the air ; and the upper part is a similar portion of the third 
crucible with a large hole cut at the side to allow the flame 
and gaseous matter to escape. Blast-furnaces of this kind are 
usually made about 16 or 18 inches deep, from the bottom of , 
the lower part to the top of the cover, and their greatest dia- 
meter 7 or 8 inches. The cover is not absolutely necessary, 
though it is certainly better to use it, as it protects the eyes 
from the light. . . ^ 

2805. No luting is required for this furnace ; a small pair of 
double bellows will be found quite sufficient, and when it is well 
managed, which a little practice will soon enable the beginner 
to do, a thick piece of cast iron may be easily fused in if. The 
best kind of fuel for a furnace of this kind is coke or red-hot 
cinders taken from a common fire ; they should be free from 
dust and ashes, in small pieces, and as nearly of one size as can 
be conveniently had. The bellows should be fixed to a strong 
frame, and the crucible furnace must be adjusted to a corre- 
sponding height. 

2806. A sand-bath will be found extremely convenient where 

a great number of experiments are performed ; but as there are 
not many students who have an opportunity of constructing a 
proper sand-bath furnace, I shall now describe a method of ar- 
ranging a common fire-place, which will be found very useful 
by those who can only have the use of a common apartment for 
carrying on their experiments. * 

2807. Instead of putting in a grate of the usual form, let one 

be built of brick of 
the forint represent- 
ed in the figure (Fig- 
421.) * Though* no 
iron-work is abso- 
lutely required for 
the grate iflself, ex- 
cept the grating to 
support the fuel, 
which should be pro- 
portioned to the size 
of the fire-place, and 
two or tlyree bars 
which maybe placed 
in front so as to rest 
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in grooves left for the purpose, from which they may be easily 
taken out by a pair of tongs if recpiired ; still it will be found much 
better to have the principal parts made of iron, and built in with 
, fire-brick. A large and powerful fire may be kindled in this fire- 
place, which will not only be easily accessible and very conve- 
nient for a great number of common furnace operations, but 
advantage may also be taken of it to heat a sand-bath placed 
above it. For this purpose jan iron plate must be fixed in the 
chimney in the manner represented ; a funnel-pipe conveying the 
smoke from the fire below into the vent, which ought to be closed 
in on every side by a thin plate of sheet-iron, so that no smoke 
can pas& into the vent except through the funnel-pipe connected 
with the sand-bath. In this manner, a constant draught is 
maintained, and the fire burns well ; and though the hottest 
part of the sand-bath seldom reaches a temperature above 500° 
or 600°, still this is more than sufficient for the greater number 
of operations where a moderately hot sand-bath is required, and 
by placing the same substance on different parts of the plate, it 
may be exposed to the action of various degrees of heat. The 
sand on the plate need not be more than an inch and a half 
deep, and a small piece of sheet-iron should be fixed in front to 
prevent any of the sand from falling off*, and any hot air from 
escaping below ; it will be better also to place the plate in an 
inclined position. Such a sand-bath will be found particularly 
useful 'for digestion, slow evaporation, and a variety of other 
operations where a moderate heat is required. When disagree- 
able fumes are disengaged during any process, the vessel con- 
taining tlie # materigds from which they arise may often be placed 
under the sand-bath, when they will be carried up into the vent ; 
coated vessels may be dried slowly by placing them at the side, 
and a crucible placed jn the fire may be exposed to a consider- 
able heat by placing a chimney over that part of the fire in which 
it may he put. I am not aware of any plan which will render 
a common fire-place so generally useful for performing a great 
number of experiments. 

2808. In converting a common fire-place into a furnace of 
this description, it is necessary to examine carefully the flooring 
and the hearth-stone in case of accident from fire. In many 
cases, the arrangements for the fire-place are very dangerous, 
the hearth-stone being often made of Arbroath pavement, or 
of some other stone that cracks on exposure to heat, red-hot 



MISCELLANEOUS APPARATUS. 


781 


cinders fall through these cracks and inflame the support of the 
flooring which is often placed immediately below. Many fires 
have been traced to this cause, and in some instances solely to 
the heat communicated by the ashes to the hearth-^one, and * 
from it to the wood below. No practice can be more dangerous 
than that of supporting by wood any thing which must be neccs- 
sarily*exposed for a long time to such an elcvation»of tempera- 
ture. A sufficient hearth-stone should in all such cases be im- 
mediately substituted, building it in the w/l11, and supporting it 
when necessary by a brick arch thrown between the wall and 
one of the rafters of the floor at some distance from the .fire. 

Besides furnaces of different kinds which the student can 
procure according to the series of operations he intends to 
perform, he should be provided with two or three hundred 
bricks of different sizes and figures, with which, if he be an ac- 
tive experimenter, he will soon be able to construct a number 
of different temporary furnaces as they may be required. A 
ball of well worked fire-clay will also be found of great use, and 
save much trouble ; it should lie kept in a box made for the 
purpose, or wrapped round with a moist cloth, pouring a little 
water on it from time to time, to prevent it from getting dry. 

2800. In making arrangements for carrying on a series of ex- 
periments, it is of great importance to attend to the ventila- 
tion of the apartment in which they are conducted. AU expe- 
riments, during which noxious fumes are disengaged, should be 
made under a hood or chimney, so that they maybe immediately 
removed. A tube, one extremity of which is introduced into 
the chimney of a heated furnace, will draw away a*large quan- 
tity of vapour produced in any experiment, when* the matqjfials 
are brought near the other extremity. See pages 148 and 151. 
Arrangements should alsp be provided, not only for removing 
at once offensive fumes, but also for clearing quickly the air of 
the whole apartment by large windows or apertures in the ceil- 
ing, when this may be necessary. 

Where many experiments with fuming acids and other of- 
fensive materials are, performed, t!he sand-bath is often pro- 
vided with a glass or other cover, and ventilated by connecting 
it with a chimney. 

2810. In many cases a small temporary sand-batH may he 
made by exposing any thin vessel of sheet- iron (Fig. 422) to 
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the flame of a lamp, 
or to the heat produced 
by a few pieces of char- 
coal in 0 , state of com- 
bustion, the sand B sup- 
porting a test tube C, 
which may contain a li- 
quid, if necessary, for 
communicating heat to 
another tube D. The 
figure represents the ap- 
paratus of full size. 

2811. A variety of 
tongs and pincers, and 
of straight and bent 
iron-rods, will be found 
necessary for a number 
of experiments and pro- 
cesses. The annexed 
figures shew one or two 
of the most convenient 
forms of these that have 
not been already de- 
scribed. 



Pig. 423. Fig.42G. Fig. 427. Fig. 428. 



2812. For all ordinary purposes, Hessian Crucibles will 
be found most convenient, as they resist a very high tempera- 
ture, and are not so apt to be fluxed when heated with saline 
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substances as any of the crucibles made in this country, with 
the exception of Cornish crucibles, which are not easily pro- 
Figs.429. 430. 43 i. cured. Crucibles are made of a great 

variety of shapes ; the triangular form* 
of the Hessian crucible is well known, 
and the annexed figures represent the 
other forms of which they are usually 
made. 

Crucibles should never be exposed suddenly either to heat 
or cold, as they are then very frequently cracked. When they 
are removed from a hot furnace, they ought to be placed on 
a piece of charred wood, or on a few cinders kept for the pur- 
pose. In many cases, a piece -of iron-wire, rather thinner than 
a common quill, and coiled in the manner shewn in Fl «’ 4 *®. 
the figure, will be found very convenient for sup- 
porting Hessian crucibles ; the few points of contact 
between the crucible and the stand prevent it from 
being broken. A piece of clay or lead may be fixed 
to the lower part. 

Black-Lead crucibles may be procured of all sizes, as they 
are much employed in the arts ; tli^y are made of a mixture 
of plumbago and clay, they may be used in general more fre- 
quently than Hessian crucibles, as they are not so liable to 
crack ; they are destroyed, however, by long exposure to a cur- 
rent of heated air, and by nitre and some other saline substances. 
Crucibles made of Wedgwood’s ware are very compact, and 
should be placed in a common crucible when they arc used, as 
they are apt to crack. 

A small platinum crucible will be found necessary for a lum- 
ber of experiments, and is used principally for the purpose of 
fusing substances with potassa which contain a considerable 
quantity of silica, or for heating precipitates to redness analyti- 
cal operations. They may be heated in the manner represented 
under silica, page 280, in the flame produced by a mixture of 
gas and air, page 163, Fig. 152, or in an argand spirit of wine 
lamp, Fig. 433, according to the temperature required. Fig. 
434 represents a convenient mode of supporting the platinum 
crucible. See platinum crucible, page 279. 

2813. Where a very moderate heat is required, thh common 
spirit of wine lamp may be used. In Fig. 435 it is seen with 
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a cover, much employed for preventing the loss of spirit of wine 
by evaporation Avhen it is not in use. Pyroxilic spirit may be 
substituted for spirit of wine, as it burns without producing 
smoke. , 

2814. Cast-iron crucibles may be easily procured at any iron- 
foundry, and a common crucible may be given as a pattern to 
make a mould to cast it in. 

2815. Evaporating vessels may be made of glass, Wedgwood’s 
ware, or metal. Vessels made of the first kinds of ware (those 
from Berlin are perhaps the best that are made) are generally 
employed fbr chemical purposes, as they are not so liable to be 
acted on as metallic vessels ; in evaporating large quantities of 
liquids, however, which do not act upon metallic vessels, they 

..Fig. 430. should always be preferred. They are usually made 
) broad and shallow, that an extensive surface of liquid 
may be exposed to heat during evaporation. 

2816. Instead of flat evaporating glass-vessels, Florence flasks 
and wine-flasks may be substituted with advantage in a number 
of processes they will be found preferable to flasks made of 
flint-glass, as they arc extremely thin, bear sudden alterations 
of temperature much better, and are not nearly so liable to be 
broken in the ordinary course of chemical operations. 

Small flasks made of very thin glass, about two or three 
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inches in diameter, and of the form represented in the figure, 

Fi g .43 7 . are very useful in a number of chemical operations 
where it is necessary to expose a liquid for a short 

f time to a boiling temperature ; though made*of flint- 

glass, they may be put with safety on the cinders 
of a small chauffer if they are half full of the liquid- They 
may be used also for ascertaining the quantity of Solid matter 
in a given weight of a saline solution, evaporating it slowly on a 
sand-bath. 

2817. When a solid is to be Fit*. 438. fi?.44«. 

digested for a long time in a 
liquid, flasks with a long neck 
(Fig/438) arc sometimes pro-* 
ferred ; but for ordinary pur- 
poses they may be made of a 
taper or globular shape, as in 
Fig. 439, and Fig. 440. 

2818. All acid and corro- 
sive liquids should be preserved in bottles with stopples carefully 
ground, and for particular substances, as hydrofluoric acid, 
special apparatus is required, viz. a leaden or a silver bottle. 
All bodies also extremely prone to oxidate should be carefully 
luted so as to exclude the external air, and some, ns potassium, 
must also be surrounded with the finest naphtha. 



Fig. 441. Fig. 443. Fig 412. 



2819. Figs. 441, 442, represent bottles much used for hold- 
ing large quantities of liquids ; the latter is also used for sepa- 
rating fluids that may be mechanically mingled, pouring out the 
heavier by the spout while the other is left. Where many tests 
are continually required, a small case, Fig. 443, for the more 
important, will be found very useful. 

2820. In the process of distillation, it is often nccdssary ta 
prolong the nock of a retort before connecting it with a receiver, 

. 3 D 
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that the different parts of the apparatus may be conveniently 
arranged, or to facilitate the condensation of the vapour ; this 
is usually effected by means of a glass-tube, sometimes blown 
into a globular shape in the centre, one extremity fitting or be- 
ing luted to the beak of the retort, while the other is introduced 
into the receiver. 

This tubb is termed an Adopter, and the method of adjusting 
it will be readily understood from Fig. 444. 



2821. In preparing gases at the mercurial trough, which 
must often be collected in very small jars, it will sometimes be 
found convenient to draw out the beak of the retort in the man- 
ner shewn in the figure, making it smaller at the same time that 
it may be readily introduced into a small aperture. 

2822. In distilling liquids that boil very suddenly and un- 
equally, and require a Very high temperature, an arrangement, 

Fig.ufi. Fig. 446, such as has 

been proposed by 
Berzelius, for distill- 
ing aqueous sulphuric 
acid, is very conve- 
nient. The retort 
rests upon an iron 
ring and is protected 
by a sheet-iron covev from the air. Small quantities of char- 
coal arc kindled in succession around it till a proper tempera- 
ture is attained. Fragments of platinum foil, or small ghiss 
tubes hermetically sealed so as to float upon the surface of the 
oil of vitriol, are very useful in preventing violent ebullition. 

2823. Fig. 447 represents Mitsclierlich’s mode of prepar- 
ing ether described in pages 527, 528. A stream of alcohol 
mixed with water flows continuously into the acid placed in 
the flaj>k, the quantity being so adjusted as to maintain a con- 
stant temperature, which is indicated by the thermometer. The 
products pass over to the receiver and are cooled by a variety 
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of Liebig’s receiver, 
which is supplied with 
a constant stream of 
cold water from a civ 
tern above it. 

2824. Fig. 448 gives 
a different view of Lie- 
big’s receiver. It con- 
sists essentially of a 
'glass tube ff to which 
a tube from any distill- 
ing apparatus may be 
attached, and of a cup 
containing cold water, 
c c 9 which may be made 
of japanned tinned iron 
or of copper ; a, b, c r, d 
represent the course of 
the water by which it is 
continually supplied, so that it is very effectual in condensing 
completely any vapours that may be led into/! 

Fig. 44 H. F’tf. «!>• 




2825. The tubular balled receiver of Mr Davy, Fig. 449, is 

very convenient in many cases where an absorbable gas is to be 
passed through a liquid. » * 

2826. Fig. 450 represents the form of a bent tube which is 
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Fig.4.-»i). f rC q uen tly employed in the process of distillation and in 
a number of other operations, where it is necessary to 
pour small quantities of liquid at a time into a vessel, 
* [fj] without shifting the apparatus with which it is connected, 
or tflking out any stopple that might expose its contents 
ill to the action of the air. The liquid that remains in part 
of the tube acts as a valve, which prevents the ingress or 
pj egress of air, but does not present any obstacle to the in- 
“ troduction of more liquid. In operating with corrosive 
liquids, instead of fitting it to the tubulure of glass-vessels with 
a cork, it must be fixed in its place with a proper cement, or 
the tube* may be made thicker at its lower extremity, and ground 
to the tubulure in the same manner fis a stopple. 

2827. Fig. 451 represents a tube such as is frequently at- 
riK - 4: ’ 1 F,g * 4: * 2, tached to the tubulure of a retort 


wliftrc there may be danger of 
condensation, a small quantity of 
mercury, or of some other liquid, 
being introduced so as to occupy 
the lower curve and prevent the 
too ready ingress or egress of air. 

2828. Fig. 452 represents another 
form of safety tube interposed 
between vessels where there may 
be danger of condensation. 

2829. For subliming benzoic acid, chloride and bichloride of 
mercury, and a number of other substances, a glass-vessel of the 
form represented by Fig. 299, page 683, will be found very use- 
ful. It is usually termed an alembic, and consists of two parts ; 
the materials to be sublimed are put into the lower part, and 
the jupper part is ground to it or joined with a proper cement. 
The small tube proceeding from the lower part of the capital 
carries off any watery vapour that may be condensed, which 
would otherwise drop into the lower part and break it. When 
the alembic is used for the sublimation of benzoic acid or of any 
other substance, where only a very gentle heat is required, the 
heat may bo applied in the usual way by a chauffer, supporting 
it by a retort stand. When a higher temperature is necessary, 
it may be placed in a sand-bath. 

2&30. In many cases, two crucibles may be employed for a 
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similar pitrposo, as in tlio sublimation of metallic arsenic from 
Fijs.433. a mixture of arsenious acid and charcoal. The 
mixture must be put into the larger crucible, wliich^ 
may be placed in a sand-bath and exposed to a 
strong heat, inverting the other crucible and luting 
it to the first ; a small aperture must be left at the 
edge for the escape of gaseous matter, ^>r a hole may 
be bored in the smaller crucible, and a glass tube in- 
serted in it. 

2831. For separating liquids of different specific gravities, 
which have no chemical action on each other, a glass vessel 
pijM'si. termed a Separator is generally employed, consisting 

O of a funnel-shaped' ball open at the top, and termi- 
nating in a long tube (Fig. 454). A funnel with a 
long stem does very well for the same purpose, allow- 
ing the liquid to pass slowly through, after filling the 
vessel, and leaving it till at last the lighter portion 
has collected above, transferring it to another vessel 
as the last part of the heavier portion descends in the 
stem. See also Fig. 438, page 785. 

2832. An assortment of glass-funmfls of different sizes will be 
found necessary where many experiments are performed ; they 
are used not only for pouring liquids from one vessel to another, 
but also for supporting filters in the process of filtration. • 

2833. Filters are usually made of unsized paper, doubling a 
Fig. *55. square piece by two opposite comers, so as to make 
it have a triangular shape, and tljen folding it alter- 
nately outwards and inwards from the centre, till it 
assumes the appearance represented in’tlio figure on 
blowing upon it so as to separate the opposite sides, 
and cutting off the projecting points. 

2834. Filtering papers should be selected with muuh care. 
They are often charged with an extreme variety of impurities, 
more especially alum, sulphate of lime, and. .metallic substances, 
which render them unfit for various purposes. These may, in 
general, be detected > by boiling the paper in water acidulated 
with muriatic acid, or the paper may be reduced completely to 
ashes by burning it, and the residuum examined by prqper tests. 

2835. In all analytical experiments, the nature of the filtering 
paper should form a principal object of attention. In general, 
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an additional filter is employed where one alone is absolutely 
necessary for filtration ; and this being subjected to the same 
treatment as the first, may be used as a counterpoise for it in 
weigh ing.preeipitates dried upon the filter. 

2830. Fig. 456 represents the general arrangement adopted 

in filtration. Fig. 457, 
a very simple form of 
retort-stand, a J, with 
an evaporating basin c, 
heated by a spirit-lamp 
c d, made with a common 
phial ; f is a filter and 
funnel, the filter being 
made simply by folding 
a square piece of paper 
into four parts, and then 
opening it, so as to have three folds on one side, and one on the 
other. 


Fig. 430. 



Fig. 45H. 



Fig. 45!). 



Fig. JOf). 



2837. Fig. 458 shews a liquid filtering into a thin glass, which 

may be he&ted on sand or in a hot press, so as to be maintained 
warm during filtration. Fig. 459 represents a mode of filtration 
without a funnel, which may be occasionally resorted to with ad- 
vantage where a minute quantity only of a fluid is required. 
Fig. 460 is a triangular support, which may be made of glass, 
porcelaih, and occasionally of metallic wires, where a liquid is 
filtered without a funnel. Fig. 4ci. 

2838. Precipitates left on a filter are washed merely by Q 
pouring water upon them 4 till it passes through without 
taking up any soluble matter. A pipette of the form seen 
in Fig. 461, will be found very useful in separating precipi- 
tates fr<yn filters after they have been washed, and while 
they are still moist, filling it with water and then blowing 
a small stream of this fluid through the extremity till 
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tlie precipitate is washed into a vessel placed below, F,|S - 4<a - 
after which the water may he dissipated by heat. | 
Pipettes are also extremely useful for pouring or drop- 
ping small quantities of liquid upon any substance, as J 

they can be easily made to terminate in a tube suffix 
ciently large to give a slender stream, or drawn out into I 

a fine. capillary bore in the flame of a spirit-lamp. It is 
not necessary for most purposes ta have a ball blown , J 
in the centre ; a piece of a common test-tube, about 
12 or 18 inches long, held in the flame of the lamp till 
it is ’softened and then drawn out gently, will give two 
pipettes on breaking it through the middle, which will ’( 
be found quite sufficient for all ordinary operations in \m/ 
which they are required. ¥ / 

2839. A small glass syringe, Fig. 462, is still more Y 

convenient for cleaning filters than a pipette. /n\ 

2840. When a precipitate is to be washed upon a fil- /'jplj*, 
ter, Avater must be allowed to drop upon it until it ceases 

to be affected by tests as it escapes. A flask is often inverted 
upon a glass precipitate, as in Fig. 463, when it is to be washed, 
supplying Avater slowly as it sinks beloAV the level of the liquid 
in the funnel. 

2841. Instead of using filters, precipitates are very conveni- 
ently washed by repeated of- Fig.4G3. Fig. m. 

fusion with water and decan- 

tation, where time is not an * 

object of importance. (HlHii 

2842. If any small portions W • 

of sand or other solid adhere 

to a flask or jar, they are most 107 

convcnientlv removed by fill- J ® 

ing it Avitli water, and ’then \ pL J 

inverting it in a basin, as in jPgi 

Fig. 464. 

2842. In addition to the glass funnels Fig.405. 

required for filtering a number of .liquids iS^r- — ' 

and other purposes, a square wooden frame 

Avitli a brass point at each corner for fix- \ 

ing a woollen or linen cloth is frequently # 

required, especially in filtering bulky pre- # I 

cipitates, as the precipitated oxide of anti- • H 
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Fig. 466. 


mony, or the mixture of quina and sulphate of lime obtained on 
adding lime to the acid decoction of yellow bark. 

2843. Instead of pouring off a clear liquid, it is often more 
convenient to run it off by a syphon. This is merely a bent tube 
svhich is filled previously with water or any other liquid, 
and on introducing the shorter limb into the vessel con- 
taining the liquid to be drawn off and under its sur- 
face - , it will rise in* the syphon and pass out by the 
other extremity. Syphons are very useful in chemi- 
cal operatioiis, and arc made of a great variety of shapes 
* r and materials, though the principle on which they are 

constructed is the same in all. A very simple experiment, which 
will render the student familiar vyith the method of using them, 
may l>e performed by filling a plain syphon (made with both 
limbs of the same size and in the form of the letter U) with 
water, and putting each extremity into a jar of water at the same 
time. If the water be at the same height in both jars, none will 
pass from the one to the other though the syphon tube should be 
perfectly full ; if one of the jars be lifted up with the syphon in 
it, water will immediately flow from it to the other, and by alter- 
nately raising or depressing one of them, the water may be made 
to pass in either direction through the syphon, always, however, 
from the jar in which it is at a higher level to the other, and 
ceasing to flow whenever the liquid acquires the same level in 
both. 

2844. Fig. 467 represents a* form of syphon very 
useful in many cases ; the shorter extremity being 
dipped into the liquid to be drawn off, the other 
is closed for a moment, and by sucking out air by 
a b it is immediately put in action. 

2845. Phillips’ precipitate glasses will be found 
very useful for allowing small precipi- 
tates to b£ deposited, as, from their form, 
little can adhere to the sides. When 
made of thin glass, they may be used 
fot a number of operations in the same 
manner as a Florence flask, and liquids 
may be heated in them hyplacing them 

on a sand-fatL 

**$^7^^* and funnels, and a number of Other pieces of 


Kg. ™7- 


Fig, 468. 
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apparatus, being usually supported on retort-stands or rings 
when in use, and many requiring to be kept for some time, se- 
veral shelves should be fitted up with a number of holes of dif- 
ferent sizes and at different distances from each other, so lhat* 
they may be set aside where they will not occasion any incon- 
Fl s*4c »■ venience. When this can- 



not be done, \^ooden stands 
of different sizes may be 
made to serve the same pur- 
pose. ' The annexed figure 
represents one of the sim- 
plest methods of construct- 
ing them. 


2847. In places where a great number of experiments with 
gases are made, large quantities of those that are most in use 
should be made at a time, and stored in convenient vessels 


from which a supply may be easily procured as it is required ; 
the gasometers which have been already described may be used 
occasionally for this purpose, when the gas is not absorbed by 
water ; but the apparatus employed by Dr Hope, and which 
he has permitted me to describe, \yill be found much more 
convenient. It consists of a large oil of vitriol bottle, with a 


brass cap cemented to the mouth, in which two tubes with 
stop-cocks are fitted, water being introduced and forced out 
again when necessary by one, and gas by the other. In the 
Fig# 470 . figure, it is represented in con- 



nexion with the extremity of 
a bent guil-barrel? fixed in an 
iron retort in wfiich oxygen is 
prepared from the peroxide 
of maitganese by heating itjn 
a furnace. It is obvious, that 
a large bottle of tliis kind 
could scarcely be moved when 
full of water without beinj^ 
broken, unless properly sup- 
ported, and nothing docs Hot- 
ter for this than a tub made 


to fat the bottle, covering the bottom for the depth af an iuph 
or two with saw-dust, and packing the space between the bottle 
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and the sides with the same material. This will allow it to be 
moved easily from one place to another, and it has not been 
represented in this manner in the figure, merely that the ar- 
rangement of the tubes connected with it may be seen more dis- 
tinctly. c 

2848. To explain the method of using it, I shall now describe 
the manner in which it is filled with oxygen gas. After filling it 
with water, a bent tube is to be connected with the gun-barrel by 
a flexible leaden tube, about two or three feet in length, though 
represented much smaller in proportion to the size of the rest of 
the apparatus in the figure ; but no gas is to be allowed to pass 
into it unless it is sufficiently pure, the stop-cock at the extre- 
mity of the gun-barrel being kept c shut, while the other one is 
to be opened ; and the gas that is disengaged at first is to be 
collected by means of. a bent tube fitted to it, in small bottles 
over a pneumatic trough, so that its state of purity may be 
easily ascertained. When it is thought proper to commence 
collecting it, this stop-cock is to be shut and the other must be 
opened, so that the oxygefi will now pass on to the gasometer, 
entering by one of the first mentioned tubes. Here it will press 
upon the surface of the water, which will be forced up through 
the tube seen in the interior of the bottle, continuous with the 
second stop-cock attached directly to the cap ; and, another bent 
tube being then placed over it, a syphon is formed, through which 
the water will continue to flow as long as any gas is disengaged. 
By using a large quantity of^materials at a time, several bottles 
may be filled successively in this manner without undoing any 
part of the apparatus, except the leaden pipe that connects them 
directly with the gun-barrel. One bottle may be detached and 
replaced by another in a few seconds when every thing is pro- 
perly adjusted ; and, if* a longer time should be required, a few 
jars of oxygen may be collected from' the tube attached to the 
stop-cock fixed to the upper part of the gun-barrel, or that tube 
may be adjusted to the second bottle gasometer, while the first 
one is being filled. The stop-cocks attached to the brass cap 
<5f these gasometers must be shut as the tubes connected with 
thftn are detached. 

2849. Again, Fig. 471 shews the method in which the gas is 
transferred from a gasometer of this kind when required for 
use. The syphon being detached, a thin funnel is placed above 
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Fig. 471. the stop-cock to which it was previously fixed ; 

and it is evident, that, on pouring in water, 
and opening the stop-cocks, it will descend 
through the tube in the interior of the bottle, « 
and force the oxygen out at the oflier stop- 
cock by which it had entered ; by connecting 
a flexible tube, accordingly, wjtli this stop- 
cock, and pouring water into the funnel, the 
gas may be easily transferred to other vessels. 
It is in the same manner also that the air is 
expelled, and the gasometer filled with water, before connecting 
it with the oxygen gas apparatus. 

2850. A bladder is often, filled with gas for temporary expe- 
riments, in the manner shewn in Fig. 472, and if the gas be re- 



quired free from moisture, it is dried 
by passing it slowly through a tube 
filled with fragments of chloride of 
calcium. 

2851. For discharging gas in a 
continuous steam, an apparatus such 
as Fig. 473 is much used, where the 
gradual additions of an acid by b 
to materials already placed in the 
bottle a, is all that is necessary, as in 
preparing hydrogen, sulphureted hy- 
drogen, or carbonic acid gases. The 
small balls, cd , condense any very 
minute drops of liquid carried up 
mechanically by the effervescence 
below. 
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Smelling by Tube — Drying Phials, &c. 


2852. In many operations, where it is desirable to ascertain 
if any odour be produced on heating a mineral 
or other substance, a fragment is introduced into 
a test-tube and heated, and a small tube,' open 
at both ends," being inserted in' the test-tube, as 
in Fig. 474, the extremity without the test-tube 
is introduced into one nostril, while the other is 
closed by the finger. On inspiring, the air from 
the subject of experiment is then drawn in 
through the tube, and any odorous matter pro- 
duced is often recognised, though it might have 
been quite imperceptible if tried without this 
arrangement. Trials of this kind should be made 
cautiously, as the air is often excessively pungent as it reaches 
the nostrils. 

2863. It is often necessary to dry thoroughly phials, tubes, 
retorts, flasks, pneumatic apparatus, jars, &c., when it may not 
Fi {: . 475. be possible to bring a 




towel in direct con- 
tact with the interior. 
In such cases, mere 
warmth is insufficient 
to remove all the 
moisture, for, though 
it may disappear at 
the moment, it is 
gradually deposited 
again from the air on 
cooling. The com- 
mon mode of proceed- 
ing consists#in clear- 
ing out all acid or 
other matter which 
might give offensive 
fumes with water, re- 
moving the last ad- 
hering portions of 
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moisture by heating the apparatus, and sucking out the warm air 
which contains it in solution before it cools ; fresh air, free from 
moisture, then entering, as in Fig. 475. 

2854. Where a temporary arrangement is required ^s a sub- 
stitute for a pneumatic trough, a 
common basin will be found suffi- 
cient ; two pieces of brick, marble, 
or of w*ood loaded with lead, being 
placed in it under water, so that the 
tube conveying gas may enter be- 
tween them, and discharge it into a 
jar or phial resting upon them. In 
Fig- 470, bed represents a similar 
arrangement made with Fiir>477> 

wood loaded with lead, so as to sink in water, the tube a 
being the extremity of any apparatus discharging gas. 

2855. Fig. 477 gives another view of the mercurial 
trough represented in page 474, shewing more parti- 
cularly the differences between the aret above and be- 
low, the intermediate portion being shaded. 

Mortars.- 

2856. Mortars of iron, brass, porcelain, glass, 

and agate, are continually used in preparing 
materials for experiments. A stoife table and 
an anvil are very convenient where large masses 
are to be broken. Iron and brass mortars are 
desirable for breaking minerals into smaller 
fragments ; but it must be recollected, tha$ vig. m. 

they are apt to be abraded. Mortars of 
porcelain, Fig. 478, are in common use. 

2857. The Agate mortar is necessary 
in numerous experiments with minerals. 

A Steel Mortar and pestle, Fig. 479, is 
also required in pounding very refractory 
minerals, the pestle a being urged upon 
the materials at d by a hammer, when it 
descends nearly air-tight between c and d . 

A portion of steel being generally cor- 



Fig#478. 
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roded, and mixing with the materials, any increase of weight 
must be carefully noted, and allowance made for it in the pro- 
gress of analysis. The pestle of the steel mortar is usually made 
about an inch in diameter. 

2858. Small Slabs of iron, porcelain, marble, or slate, are 
very convenient in numerous operations, where powders are to 
be levigated or mixed with other materials. 


CHAP. IX WEIGHTS AND MEASURES — TABLE OF 

THE CORRESPONDENCE BETWEEN FAHREN- 
HEIT'S, REAUMUR’S, « AND THE CENTIGRADE 
THERMOMETERS. 


Weights and Measures, 
weights. 

2859. The standard according to which the present system 
of weights is regulated, is the Troy brass pound, made in 1758, 
and now in the charge of the Clerk of the House of Commons. 
It contains 5760 grains. 


f 

24 grains = 1 pennyweight. 

20 pennyweights = 1 ounce. 


t 

12 ounces == 1 pound. 


Grains. 

or, 

Pennyweights. Ounces. 

Pound. 

24 

= l = A = 


480 

= 20 = = 

L 

6760 

= 240 = 12 = 

l 


Avoirdupois Weight. 

The pound avoirdupois contains 7000 grains, each of which 
i* equah to a Troy grain, being thus heavier than the Troy 
pound by 1240 grains. 
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1 drachm 


27.34375 grains. 

16 drachms 

= 1 ounce 

=r 

437.5 

16 ounces 

= 1 pound 

= 

7000 

28 pounds 

= 1 quarter 

= 

196000 

4 quarters 

= 1 cwt. or 112 lb. = 

784000 

20 cwts. 

= 1 ton 

!= 

15680000 

• 


or, 

• 


Pound. 

Ounces. 

Drachms. 


l = 

16 = 

256 

= 7000 grains. 

1 

Iff 

1 = 

16 

=' 437.5 

1 

2J1) — 

A = 

1 

= 27.34375 


Apothecaries' Weight 

The pound in Apothecaries’ Weight is equal to the Troy 
pound, containing 5760 grains, but is differently subdivided. 



1 pound tb 

= 12 ounces 

= 5760 grains. 



1 ounce ^ 

= 8 drachms 

= 480 



1 drachm 3 

= 3 scruples 

= 60 



l scruple 9 

= 20 grains 

= 20 




or, 

• 

t 

Pound. 

Ounces. 

Drachms. 

Scruples. 

Grains. 

1 

= 12 

= 96 . = 

288 = 

5760 

1 

I 2 

= 1 

= 8 = 

24 = 

480 

1 

i 

8 

= 1 = 

3 - 

60 

1 

‘2 H H 

1 

— 21 

= i — 

l = 

20 


The following tables shew the correspondence between the 
Troy, Avoirdupois, and* Apothecaries’ Weights. 

j 

Troy Weight. Avoirdupois. Apothecaries'. 

1 pound = 13 oz. 2 dr. 17.8125 gr. = 1 pound. 

1 ounce = . 1 1 *15.15625 = 1 ounce. 

I pennyweight = 0 0 24 = 1 scruple 4 gr. 

175 pounds troy = 

175 ounces troy = 


144 pounds avoirdujrbis. 
192 ounces avoirdupois. 
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Avolrdupo's. Troy Weight. Apothecaries'. 

1 pound =1 ft) 2 oz. 11 dwt. 10 gr.' = 1 ft 2 34 3 2 9 
1 ounce =0 0 18 5.5 =0 0 7 0 17.5 gr. 

‘1 drachm,-* 0 0 1 3.34375 = 0 0 0 1 7.34 

Apothecaries*. Troy Weight. Avoirdupois. 

1 drachm = 2 dwt. 12 gr. = 0 oz. 2 dr. 5.3125 

1 scruple = 0 20 = 0 0 20. 


French Decimal Weight — Gramme = 15.434 Troy grains. 


Milligramme 

Centigramme 

Decigramme 

Gramme 


0.015434 grains. 
* 0‘: 15434 
1.5434 
15.434 


MEASURES. 

2860. The Imperial Standard Gallon contains ten pounds 
Avoirdupois weight of distilled water, weighed in air at 62° 
Fahr. and 30° Barom., or 12 lb. 1 ounce 16 pennyweights and 
16 grains Troy, = 70,000 grains weight of distilled water. A 
cubic inch of distilled water weighs 252.458 grains, and the im- . 
perial gallon contains 277.274 cubic inches. 


Imperial Measure . 


1 quarter 

= 

8 bushels. 



1 bushel 

= 

4 pecks. 



1 peck • 

= 

2 gallons. 



1 gallon 

= 

4 quarts. 



1 quart 

T 

2 pints. 




or, 




Distilled Water. 

A 





Grains. Avolrd. lb.* Cub. Inch. 

Pint. 

Quart. Galls. 

Pecks. 

Bush. Qr. 

8750 = 1.25 = 34.659 = 

1 




17500 = 2.5 = 69.318 = 

2 = 

1 



70000 =r 10 — • 277.274 = 

8 = 

4 = 1 



140000 = t 20 = 554.548 = 

16 = 

8=2 = 

1 


550000 = 80 = 2218.191 = 

64 = 

32 = 8 = 

4 = 

1 

4480000 = 640 = 17745.526 = 

512 =r 

256 = 64 = 

32 = 

8 = 1 



WEIGHTS AND MEASURES. 


801 


Apothecaries' Measure . 

The gallon of the former wine measure, and of the present 
Apothecaries’ measure, contains 58317.765 grains weiglit of dis- 
tilled water, or 231 cubic inches, the ratio to the imperial gallon 
being nearly as 6 to 6, or as 0.83311 to 1. * 

1 gallon = 8 pints. 

• 1 pint 0 = 16 ounces, 

1 ounce f ^ = 8 drachms. 

1 drachm f 5 = 60 drops or minims. 

• «r, 

Gallon. Pints. Ounces. Dnchms. Minims. Grains of Dial. Water. Cub. Inch. 

1= 8 = 128 = 1024 = 61440 = 58317.765 = 231 
1 = 16 = 128 = 7680 = 7289.721 = 28.875 

1 = 8 = 480 = 455.607 = 1.805 

l = 60 = 56.951 = 0.226 

Franck Decimal Measure of Capacity , Litre — 61.0271 British 
cubic inches , or 15406.771 (trains of distilled water. 

Cubic Inches. Grains of Dbt. Water 

Millilitre = 0.061 =• 15.407 

Centilitre = 0.6103 = 154.068* 

Decilitre - 6.10271 = 1540.677 

Litre = 61.02?l = 15406.771 

» 

Lineal Measure. 

The imperial standard yard is divided’into 36 inches, amj^it 
has been found that a pendulum vibrating seconds of mean time 
in a vacuum at the level of the sja, in the latitude of London, 
the thermometer being at 62°, and the barometer at 30 inches, 
measures 39.1393 inches. 

12 in. = 1 foot 

36 = 3 feet = 1 yard 

198 = 164 = 54 yards = 1 pole > 

7920 = 660 = 220 = 40 poles = 1 fur. J 

63360 = 6280 = 1760 = 320 — 8 furs. = 1 mile. 

3 E 
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French Measure of Length — Metre =• 39.37079 imperial inches. 


IVJillimetre 

Centimetre 

Decimetre 

Metro 


— 0.03937070 imperial inches 

= 0.3937079 

= 3.937079 

= 39.37079 

t • 


The French toise = 6.39495 imperial feet 
pied = 1.065825 foot 


771 HLE shewing the Weight in Grains of various Measures 
(Apothecaries' ) of different fluids. 



Specific 

Gratify. 

Weight in Grains of | 

1 Pint. 

1 Ounce. 

1 Drachm. 

l Minim. 

Distilled Water 

Sulphuric Ether 

Alcohol ! 

Solution of Ammonia 

Muriatic Acid 

Nitric Acid 

Sulphuric Acid 

1.000 

0.720 

0.700 

0.020 

i.118 

1.480 

1.848 

7280.72 

5248.00 

5802.01 

0742.00 

8140.00 
10788.78 
13471.40 

455.61 

320.04 

302.00 
421 43 
500.37 
074.30 

841.00 

50.05 

41.00 

45.33 

52.08 

63.07 

84.28 

105.24 

,040 

.683 

.755 

.878 

1.001 

1.404 

1.754 


Mode op Reducing to eagh other’s standard, Deorees in 
Fahrenheit’s, Reaumur's, and the Centigrade Ther- 
mometers. 

• 

2861. The space between the boiling and freezing points of 
water is divided into • 

180 parts or degrees in Fahrenheit’s Thermometer. 

100 ii|tlie Centigrade. 

80 in Reaumur’s. 

Therefore ^ # 

Ealiron. Cent. Rcaum. 


180 degrees = 100 = 80 
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2862. In Fahrenheit’s Thermometer the graduation begins 
at 32 degrees below the freezing point of water. The Centi- 
grade and Reaumur’s commence at this point. 

Accordingly, 

1. To reduce the Centigrade degrees to Fahrenheit’s, multi- 
ply by 9, divide, by 5, and add 32 % Thus, • 

40 C. X 9 = 360 ; ^ = 72 ; 72 + 32 = 104 Fahrenheit. 

5 » 

Formula ^-5-- + 32 = F. 

5 

2. To reduce Fahrenheit s to the Centigrade, subtract 32, 
multiply by 9, and divide by 9. Thus, 

104 Fahr. — 32 = 72 ; 72 x 5 = 360 ; = 40 Centigrade. 

Formula -- T^ 2 * 5 = C. 

3. To reduce Reaumur’s to Fahrenheit’s, multiply by 9, di- 
vide by 4, and add 32. Thus, 

R. 32 x 9 = 288 ; / = 72 ; 72 + 32 = 104 Fahr. 

4 

Formula + 32 = F 


4. To reduce Fahrenheit’s to Reaumur’s, subtract 32, multi- 
ply by 4, and divide by 9. Thus, 

OQQ 

Fahr. 104 — 32 = 72; 72 x 4 = 288 ; = 32 II. 

■o i F. — 32 x 4 n , 

Formula — j ^ == R. 


5. To reduce Reaumur’s to the Centignyle, multiply by 5, 

and divide by 4., Thus, 

1 fiO 

R. 32 x 5 = 160 ; — = 40 Centigrade. 

Formula = C. 
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6. To reduce the Centigrade to Reaumur’s multiply by 4, and 
divide by 5. Thus, 

, C. 40 x 4 = 160 ; ~ = 32 Keaum. 

# ° 

r * 4 

Formula — = 11. 


TAB Lit shewing the Correspondence between Fahrenheit' Beau - 
mar's, and the Centigrade Thermometers . 



In this table it will be observed that the numbers in Fahren- 
heit's scale advance by 9, in the Centigrade by 5, and in Reau- 
mur's by 4. For an account of Daniell’s pyrometer, the reader 
is referred to the Philosophical Transactions for 1830. 


CHAP. \li — METHODS OF ESTIMATING THE SPECIFIC 
GRAVITIES OF SOLIDS, LIQUIDS, AND GASES. 

% 


2803. Water has been tixed upon as the standard of compari- 
son in estimating specific gravities ; and its specific gravity has 
been called 1. # Fit?. m. 


2804. In all experiments 
for ngcertaining the specific 
gravities of different sub- 
stances, particularly of gases, 
great attention must be paid 
to the temperature, as their 
volume varies witTf the de- 
gree* of heat to which they 
are exposed. 

To find' the specific gra- 
vity of a solid body heavier 
than water, — First, weigh 







SPECIFIC GRAVITIES OF SOLIDS. 


806 


the solid in air ; then weigh it in water by a hydrostatic balance, 
in the manner represented in the accompanying figure (480), 
using a very fine thread, or a hair to suspend it from the bottom 
of one of the scales. The difference in the results will express^ 
the weight of a quantity of water equal in bulk t<f the solid 
whose specific gravity is to be determined, and the following 
proportion will give its specific gravity in relation to water : As 
the weight of the water equal in bulk to that of the solid is to the 
weight of the solid itself, so is the specific gravity of water to 
the specific gravity of the solid. Thus, * 

If the solid weigh 100 grains in air, and GO grains in water, then 
100 — 60, or 40 : 100 : : 1 : 2.5. The specific gravity of*the solid 
is therefore 2.5 compared with that of water. 

2865. If the solid should be lighter than water, a more com- 
plicated process will be necessary. Attach to the light solid, by 
a slender thread, another body of such a weight, that when tied 
together they shall sink in water, having previously weighed the 
heavier solid in water, and each in air ; then weigh them toge- 
ther in water, and from the difference between their weight in 
water and their weight in air, subtract the difference between 
the weight of the heavy solid in air and its weight in water ; the 
remainder will shew the weight of a quantity of water equal in 
bulk to the light body, and we (tan then find its specific gravity 
in the way directed above. Thus, 

If the weight in air of the light solid be 10 and of tfie heavy 
solid 20 ; and if the weight of tlyo heavy solid in water be 18, 
and of the two together 7, — then 

From their weight in air, . . 20 +*10 = 30 

Subtract their weight in water, # 7 

23 

And from this subtract; 20 — 18 = 2 2 ^ 


The remainder • 21 

expresses the weight of a quantity of water equal in bulk to the 
light solid, and the following p#oportion will give us its specific 
gravity, # ** 

21 : 10 : : 1. : 0.47619, — the specific gravity of the lighter solid. 

2866. Where a hydrostatic balance cannot be procured, the 
following method may be adopted : Weigh the solid^aml put it 
into a vessel full of water, the weight of which with tin; water 
is known ; the solid rtdll displace a quantity ef water equal in 
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bulk to its own ; weigh the vessel again, having either taken out 
the solid body, or put an equal weight in the opposite scale ; — 
the difference between the present weight of the vessel and its 
former weight will express the weight of a quantity of water 
9 equal in l* ilk to the solid body, from which, by the same propor- 
tion as in the former instances, we can estimate the specific gra- 
vity of the solid body. Thus, if the vessel when full of water 
weighed 1000? and after somg of the water had been displaced 
by the solid body and the solid removed, or a counterpoise placed 
in the opposite scale, it weighed 900 grains, — 100 grains of water 
were displaced by the solid body — and if the solid body in air 
weighed* 300 grains, then the following proportion will give its 
specific gravity : 

100 : 300 i : 1 : 3. 

2867. If the solid body be soluble in water, soAe other fluid, 
as oil, alcohol, ether, or a saturated solution of the substance 
itself must be used, its specific gravity being previously ascer- 
tained. We must first find the specific gravity of the solid, con- 
sidering the fluid used as a standard of comparison, and making 
the number representing its specific gravity the third term in 
the proportion, in the same manner as when water is used ; and 
then, by simple proportion, reduce the product to the standard 
of water. Thus, if the specific gravity of the fluid used be 1.2, 
and, considering it as a standard of comparison, the specific gra- 
vity of the solid be 1.8, then the following proportion will give 
us its real specific gravity : 


2868. When the substance, the specific gravity of which is to 
be ascertained, is in the form of a powder, the following method 
will be found* most convenient. Take a glass tube bf^ three 




feet in length* and open at both ends. The wide part 
l e is to be about r 4 g of an ftich in diameter, and the 
•narrow part cf about communicating with each 
other by a very small aperture at c, which allows air 
to pass, but is sufficiently small to prevent any powder 
from go:yg through. The upper opening at b is to be 
ground, so that it can be accurately closed by a glass 
plate a. The substance whose specific gravity is to 
be determined, is put into the wide part of the tube be , 
which is then to be placed in a wider tube containing 
mercury //, making it descend tHl the fluid metal shall 
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have reached the aperture at c. Then fix the cover, making it 
air-tight with a very small quantity of lard, and lift it perpen- 
dicularly out of the mercury till the aperture at c shall have been 
raised above the surface of the mercury in the tube to a height 
exactly equal to half the height of the barometer at tlip time the 1 
experiment is made, and mark the point at which the smaller 
tube is cut by the fluid, which we shall suppose in the present 
instance to be d.. The air within Jhat part of the<fcube in which 
the powder has been placed being now subjected to the pressure 
of only half an atmosphere, it expands .to double its former 
volume, one-half still remaining within b c 9 while the rest occu- 
pies c d ; the space it includes representing, therefore, the total 
bulk of air included at first along with the powder in b c at the 
ordinary pressure. The potvder is now withdrawn, and the pro- 
cess repeated with b c full of air only, when it is obvious that the 
mercury will not stand so high within the tube cf as before, and 
supposing it to rise only to e , then the space c e will contain a 
quantity of expanded air, equal in bulk exactly to what would 
be contained in b c before lifting up the tube. Since c e then re- 
presents a space exactly equal to that within bc 9 and cd a space 
equal to the volume of air in b c when the powder was in it, then 
d e , the difference between them, shews the space occupied by 
the powder when it was in b c. In this manner, then, we are 
enabled to find out a space exactly equal in bulk to that of the 
solid matter m the powder, and if the stem be graduated so as to 
express in grains the quantity of water which it can contain, we 
have only to weigh the powder fh air, and compare its weight 
with that of the equal bulk of water, to ascertain its specific 
gravity. 


Specific* Uravity of Liquids. 

28G9. Take a bottle of a kif>wn weight, fill it with distilled 
water, and weigh it carefully ; t»cn pour out the water, and after 
drying the bottle, fill it with the liquid to berried. The follow- 
ing proportion will give its specific gravity : As the weight of 
the distilled water is to the weight of the liquid, so is 1 to the 
specific gravity required. Thus, if the weight of the distilled 
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water be 300 grains* and that of the liquid 600, the following is 
the proportion we must use : — 

300 : 600 : : 1. : 2. 

2870. The areometer, or hydrometer, Fig. 482, 

9 is a convenient instrument for ascertaining the spe- 
cific gravities of liquids. It consists of a long, 
straight, graduated stem, on which numbers are 
marked at thft points to whicji the instrument sijiks 
in liquids of the specific gravities marked at these 
points. Thus, in distilled water it will sink to 1, 
and in nitric acid to 1.48. It is made of different 
materials, according to the nature of the liquids 
whose specific gravities are to be ascertained with it. 

2871. Lovi’s beads arc also very ilseful for ascer- 
taining the specific gravities of liquids. These are 
small balls made of glass, with numbers marked on 
them indicating the specific gravity of those liquids 
in which they float without any tendency either to sink or rise 
to the top. Those that float on the surface shew that the liquid 
lias a greater specific gravity than the number marked on them 
expresses, while those that sink indicate the reverse, being 
heavier than an equal bulk of the fluid. 


Fie;. 482, 



specific Gravity ok casks. 

* 

2872. Atmospheric air is taken as a standard of comparison 
in estimating the specific gravity of gases, and represented by 
the number 1.^ Their specific gravities are found out in the 
same manner as those of other substances, viz. by comparing 
the weight of equal hulks of them and of the substance which 
is taken as a standard of comparison. 

2873. £or this purpose, a flask provided with a stop-cock is 
accurately weighed and attache t to an air-pump or exhausting 
syringe, which is worked in the usual manner ; and, when the 
gas whose specified gravity is ,+o be tried has no action on atmo- 
spheric air, it is not necessary to exhaust it to a very great de- 
gree. The stop-cock fixed to the flask is then turned, when it 
is weighed# again to ascertain the quantity of air extracted. It 
is then screwed on to a jar (placed over a pneumatic trough) 
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containing the gas whose specific gravity is to be determined, 
and on opening the stop-cock, a quantity of gas is forced by 
the pressure of the atmosphere into the flask, exactly equal in 
bulk to the air which had been withdrawn, if the jar be depressed* 
in the liquid till it shall be level both within and wfthout. If 
the flask be then detached from the jar, it is obvious that, by 
weighing it again, we can find out the weight o£ a measure of 
gas exactly equUl in bulk to that* of the air whose weight was 
found out by the first operation. See page 75, Fig. 85. 

2874. For example, if the flask should weigh 570 grains when 
full of air, and 560 after the exhaustion, then the quantity of 
air which has been withdrawn weighs 10 grains. 

Crains 

Woiglit of flask with air, . 570 

Weight of flask after exhaustion, 500 

Weight of air withdrawn, 10 

And if it shall weigh 580 grains after admitting the equal vo- 
lume of the gas whose specific gravity is to be determined, then 
it must be twice as heavy, or its specific gravity must be twice 
as great as that of atmospheric air. 

Grains 

Weight of flask with gas, . 500 

Weight of flask after exhaustion, 500 

Weight of gas introduced, 20 ■ 

2875. When the gas whose specific gravity is to be ascertained 
acts chemically on atmospheric air, the latter must be withdrawn 
as completely as possible by repeated exhaustions, filling it after 
each with some gas which is not affected by the other, and then 
proceeding in the usual manner. 

2876. In operating wijli gases, it is also necessary to intend 
to the pressure of the atmosphere as indicated by the barometer, 
and the quantity of watery vsiumr which they may contain. 
The formula? given for making |orrections when the barometer 
is not at the point adopted as a standard of comparison, and for 
the quantity of watery vapour wlifch the gases tried may con- 
tain, must be carefully attended to. See the Tables. 

2877. It may he also necessary to remark, that when the spe- 
cific gravity of a gas is ascertained in the manner thjft has been 
described, no variatioy in the pressure of the atmosphere of any 
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consequence can take place in the short space of time necessary 
for this purpose, and equal bulks of air and the gas whose spe- 
cific gravity is to be found out having been weighed precisely 
* under the same circumstances with respect to pressure, no cor- 
rections oil this account are required. 


CHAP. IV— LUTES AND CEMENTS. 


2878. A great variety of lutes and cements are required for 
different chemical operations, and a§ most of those that are pe- 
culiar to particular processes have been already described along 
with the method of applying them, it will be sufficient in this 
place to state those that are more generally useful. They are 
employed principally with the view of rendering joinings tight 
so as to confine liquids or gases, or to give support to, and pro- 
tect from the action of the fire, vessels that are apt to be de- 
stroyed by exposure to a high temperature. 

2879. In a great number of operations, joints may be made 

sufficiently air-tight by a paste made of linseed meal, pease meal, 
flour, or starch (using hot water with the latter), covering then, 
occasionally, where it may be necessary, with a small piece of 
linen cloth dipped in prepared glue, which may be rendered 
still more secure by tying a frtout thread round them. Small 
slips of bladder or gum paper will often be found Sufficient for 
all that is required. Powdered gum is frequently used, and a 
strong solutioq of it in water should always be kept, which may 
be thickened with finely pounded chalk to form the mixture 
tended chalk lute, and Which does extremely well for connect- 
ing all kinds of glass or earthen tubes that are not to be ex- 
posed to a high temperature, orfto the action-of corrosive liquids 
or vapours. ( 

2880. Another class of lutes which are used for rendering the 
joinings of apparatus for experiments with the gases air-tight, 
are composed principally of wax with various quantities of olive 
oil, resin, oil of turpentine, or other substances of a similar na- 
ture. Tli% gas-lute referred to in this work is composed of one 
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part of wax and three of lard, heating them together till a fluid 
of a uniform consistence is obtained. 

2881. By increasing or diminishing the proportion of wax it 
may be easily rendered of various degrees of consistence, so as* 
to make it fit for a number of different purposes. * 

2882. For fixing glass-tubes into retorts or bottles not to be 
exposed to the action of corrosive liquids, common sealing wax 
may be Employed, tying the glass*tube round with thread till it 
fits the aperture in which it is to be fixed. A better cement for 
this purpose, however, is obtained by melting bees-wax with 
an 'eighth part of common turpentine ; it may be made into 
sticks like sealing wax, melting it and spreading it with a hot 
iron when required for use. # It is less brittle than common scal- 
ing wax, and by using a larger portion of turpentine, a soft ce- 
ment may be obtained, very useful for closing bottles accurately 
that contain substances which must not be exposed to the action 
of the air. 

2883. Four parts of resin melted with one of bees-wax and 
mixed with one part of brick-dust, give a cement that is much 
employed in joining pieces of apparatus that are to be perma- 
nently fixed together. 

2884. Varnishes may often be employed with advantage for 
rendering a number of joinings tight, as in fastening a bladder 
or oiled silk-bag to a stop-cock, dipping a piece of stout linen 
cloth in them, and tying it with thread after rolling it round. 
Thick copal varnish, made by dissolving copal in oil of turpen- 
tine, will be found better adapted for this purpose than most 
other kinds of varnishes ; it should be purchased from the 
painters, as the student will find considerable difficulty in pre- 
paring it. 

2885. To confine acrid vapours, glaziers’ putty may be em- 
ployed ; it is made by "beating up chalk with drying linseed 
oil, and is similar in its qualities to the fat lute, as it is termed, 
which is made by treating clay In the same manner after drying 
it thoroughly and reducing it to a fine powder. 

2886. A great number of useful lutes and" cements are made 
by mixing lime with mucilaginous, albuminous, and gelatinous 
liquids. Slaked lime in fine powder made into a paste with the 
white of an egg after beating it in a cup, or with strong^so- 
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lution of glue, sets very quickly, and may be applied most con- 
veniently by spreading it on slips of cloth. 

2887. Plaster of Paris is used in the manner described in the 
,i note at page 259 ; and by mixing it up with a mucilaginous liquid 

or a solution of gelatine, instead of water, it may be kept for a 
longer time before it begins to set. 

2888. For coating glass- vessels so as to enable them to bear 
a red heat, a mixture of dry sand, powdered clay; and cut thread, 
is to be made into a stiff tenacious paste with water, using no 
more clay than is necessary to make the sand adhere, and mixing 
the cut thread with the other materials before adding any wa- 
ter ; the paste is then to be put equally round the retort and 
allowed to dry slowly for two or three days, heating it eventu- 
ally at an open tire before it is used. Thin iron-wire wrapped 
round the coating serves to bind it together when it becomes 
hot, the whole being rubbed over afterwards with a portion of 
the mixture of sand and clay. 

2881). If an iron or earthen vessel is to be coated before ex- 
posing it to a high temperature, the directions already given for 
coating the iron-retort used for the preparation of potassium, 
shew the best method of proceeding in cases of this kind. Most 
earthen vessels become very porous, however, at a high tem- 
perature, and in particular processes a great portion of the pro- 
ducts that would otherwise be obtained are lost. To obviate 
this, Mr Willis succeeded in preparing a lute which is well 
known by his name ; the following is the method of applying 
it. An ounce of borax is to be dissolved in half a pint of water, 
and slaked lime is to be added to the solution till a thin paste 
is obtained. This is to be spread over the retort with a brush, 
and covered when dry with a lute made of linseed oil and slaked 
lime. It may then be put aside for a day or two to dry slowly, 
when it will be fit for use. The first coating fuses at a high 
temperature, and forms a glazing over the earthen retort that 
prevents vapours from passing through it during distillation, 
and the second protects it from the fuel, and renders it less 
liable to be brokeit as it cook. 
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CHAP. V.— THE BLOWPIPE. 

2900. The blowpipe is an instrument of great value to the 
practical chemist, assisting him in his analytical investigations, 
and often enabling him to obtain in a few minutes, and without 
the assistance of any more complicated apparatus, all the infor- 
mation he may desire. The student who knows how to use it, 
may, at little expense, either of time or materials, perform a very 
wide and interesting range of experiments, which will impress 
upon his mind the most important chemical relations of the ma- 
terials witli which he operates. 

2901. The value of the blowpipe depends more especially 

upon the circumstance that, with it, almost all furnace opera- 
tions can be imitated on the small scale ; the dame being applied 
so as to produce either an oxidating or deoxidating effect, and 
the materials subjected to its influence being at the same time 
mingled with any reagents that may be required to develope 
their nature. The intensity of the heat communicated depends 
upon the elevated temperature of flame, and the rapid succession 
of heated particles that are made to impinge on tlic essay or sub- 
ject of experiment. * 

2902. For all ordinary purposes, a common brass blowpipe 

will be found quite sufficient, if it %1 be well made, and the aper- 
ture at the extremity, which need not exceed the fortieth of an 
rigs, m m. 4 hg 487. incli in diameter, be round and 

smooth ; it should be tipped with 
ivory where, it is held in the mouth. 
Fig. 483 shews the common form of 
this blowpipe. Fig. 484 represents 
Dr fj31ack’s blowpipe, the hollow 
confcal vessel serving not only to 
condense the moisture of the breath, 
which is often found troublesome in 
workingwith the common blowpipe, 
but also to regulate the. pressure. 
Fig.* 486 shews Dr Wollastoli’s 
blowpipe, the extremity of which has a platinum nozzle, and 
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which can be taken to pieces that are made so as to fit into 
one another, and occupy less room than a pencil case, as in Fig. 
485. Again Fig. 487 represents a form of blowpipe in which 
the ball condenses the moisture of the breath, and serves also to 
hold several nozzles of different sizes, which may be fitted to 
the extremity, according to the nature of the operation for 
which they niay be required 

2904. Glass blowpipes are also very frequently used, the 
aperture at the extremity is not so apt to be choked up as in 
metallic blowpipes, and, were they not so liable to be broken, 
they would always be preferred. 

2905. For all ordinary purposes, Dr Black’s blowpipe is the 
best, if a proper nozzle be attached, made in the manner repre- 
sented in the annexed figure. It is a section of the one I 


Fig;. 4fW. 



F\ r . 489. 



generally employ, shewing precisely the size and form of the 
base to wliick the nozzle is fixed, and is made of japanned 
tinned iron, the nozzle 'being placed in the position shewn ; so 
that when it is held in the mouth alone, as in Fig. 490, the 
face may be held so far back^from the flame employed, as to 
b^ out of the current of offensive warm air ascending from it. 
If the nozzle be long and narrow, much force is required to 
keep up the blast, but when *t is wide where it joins the base of 
the blowpipe, and tapers to a small opening, much less force is 
required in operating with it. The aperture near the lower part 
opposite the nozzle, is often omitted, though occasionally it is 
useful in removing condensed moisture. Fig. 489 shews an- 
other variety of this blowpipe, in which the nozzle is placed at 
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a more acute angle, to enable the head to be held more com- 
pletely away from the flame when it is used for tube-apparatus, 
when both hands must be at liberty. 

2906. The nozzle is usually made of brass or coppyr, and oc-* 
casionally of platinum. None gives so fine a flame as a glass 
nozzle, but from its brittleness it is not generally used. The 
extremity of the nozzle cannot be too carefully attended to. 
The slightest irregularity or obstruction in the aperture alters 
the character of the flame ; it should be. cleared out when ob- 
structed, with the greatest caution, and so as to prevent it as- 
suming a trumpet form, however slight. Beginners • are fre- 
quently apt to destroy their blowpipes by pressing the extre- 
mity upon the subject of experiment, a practice which soon ren- 
ders the nozzle of the blowpipe useless. 

2907. The first thing that the student ought to do with the 
blowpipe, should be to learn to keep up a continued blast at a 
candle with his mouth, while he breathes freely through his 
nostrils. For this purpose, he must, in the first place, distend 
his cheeks like a trumpeter, and breathe solely through his 
nostrils, never allowing his checks to collapse. When he can 
do this easily, he should put a blowpipe with a very small aper- 
ture into his mouth, placing the pointed extremity in the flame 
of a candle; during expiration, a small part of the expired air will 
continue to pass through the tube, and during inspiration also, 
air will continue to pass through the tube, if he shall have made 
his cheeks sufficiently tense and elastic by distending them pre- 
viously with air, and the same process goes on at each succes- 
sive expiration and inspiration. Such is the mechanical rule 
for learning the method of keeping up a continued blast of air 
with this instrument, which I have seldom seen fail in enabling 
the beginner to acquire - this art in five or ten minutes, afid, as 
considerable practice is necessary before he can be able to use 
it freely, he cannot commence, too early with it. At first, * he 
should take it up frequently at intervals of an hour or two, and 
not continue working with it for more th^n a quarter of an 
hour ; he will soon, however, learn to keep up a continued blast 
without any difficulty, or distending his cheeks so much as to 
make it feel tiresome. It is necessary, however, to do so when 
he begins, as he will not otherwise be able to acquire speetlily 
the method of blowing a constant flame. , 

2908. During inspiration, the blast is kept up solely by the 
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air from the reservoir within the cheeks, from which it is pressed 
out by the contraction of the muscles, and the stock renewed 
at each successive expiration. 

# 2909. r JJ]he flame of an oil or spirit lamp, or of a large candle, 
does very well for blowpipe experiments ; but nothing will be 
found so convenient as a gas-lamp, which is not only easily ma- 
naged, and requires none of the trouble necessary for adjusting 
the others, but allows the flame to be increased or diminished 
to any convenient size, by merely turning the stopcock. The 
figure represents a gas-lamp constructed 
for blowpipe experiments, which 1 have 
now used for several years. It is con- 
nected by* a "flexible tube, fitted to the 
lower part, with the main-pipe, supply- 
ing the rooms with gas ; and when it is 
on full cock, it gives a flame about three 
inches high, and an inch and a half 
long, the gas escaping through a double 
row of small apertures, placed along the 
top. With a little practice, the whole 
of this flame may be easily thrown into one blast with a com- 
mon blowpipe having a larger nozzle than usual, and the heat 
produced is so great, that a piece of silver of the size of a shil- 
ling maj be melted in it in a few seconds, though held in the 
open air by a pair of pincers, and not supported by any charcoal 
to increase the power of the ilninc. It is seldom that so large 
a flame is required ; the blowpipe is shewn in the figure in the 
manner it should be arranged, when the use of both hands is 
required in making and adj listing tube apparatus; the extre- 
mity is put through a small ring, made by fixing a bent iron- 
wire Ih a piece of lead, which is supported to a proper height by 
blocks of wood placed below. When the height of the flame 
liasfrbeen properly adjusted, the position of the extremity of the 
blowpipe may be easily regulated by the mouth, while blowing 
through it, so that both hands are left free for managing the 
tube apparatus. The same contrivance may be adopted also in 
operating with an oil or spirit lamp. 

2910. Any ordinary burner may be converted into a blowpipe 
burfter by covering it with wire-gauze, so as to dimmish the 
impetus with whi?h it escapes. See Fig. .151, page 163. 


Fi*. 490. 
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2911. But in the greater number of cases, a gas-lamp will not 
be accessible to the beginner, and then a lamp charged with 
oil or tallow may be employed. It may be made of tinned iron. 


Fig. 491. 



brass, or copper, and should bo so ar- 
ranged that the flame may be direct- 
ed horizontally, or downwards, or up- 
wards, at any angle required. This 
is effected by placing the opening for 
the wick at one extremity, as at b in 
Fig. 491 ; a is the aperture for intro- 


« 


ducing the oil. 


2912. When it is necessary to heat an extensive surface, a 
blowpipe with a wider aperture should be used, and held at a 
little distance from the flame, or, the blast must be made to 


strike upon the wick, when a lamp or candle is employed. On 
the other baud, when it is necessary to concentrate the heat 
upon a single point, the extremity of the blowpipe should be in- 
troduced a little way within the flame, so as to give a well-de- 
fined and luminous cone, surrounded by a thinner flame, which 
projects beyond it ; the interior portion has a blue colour, while 
the exterior is much lighter, and possesses very different pro- 
perties, the point of greatest heat being at the extremity of the 
blue cone. 


2918. Fig. 492 represents the general appearance of the rough 

flame produced by placing 
* the nozzle at a little dis- 
tance from the flame ; a is 
the reservoir of oil ; b the 
nozzle supplied with air 
fropi any convenient appa- 
ratus, or from the mouth 
by a flexible tube, and c 
the luminous rough flanjp. 
The peculiar form of lamp is noJ necessary ; it is introduced to 
shew one of the numerous varieties of lamp£ which have been 
much used in blowpipe experiments. 

2914. The inner flame is usually termed the deoxidating 
flame ; it contains less air than is necessary for the combustion 
of the inflammable matter, of which it is principally compose* i, 
and any substance that is placed within it is subjected, not only 

8 v 
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to a liigli temperature, but also to the action of the excess of in- 
flammable matter, which has a great affinity for oxygen. Any 
substance placed in the exterior flame, again, which contains 
more air^han is necessary for the combustion of the inflam- 
mable matter, is exposed to the action of the excess of oxygen 
at a high temperature, and it is accordingly usually termed the 
ox i( Latin a fame, - • 

2015. A more minute examination of the flame will illustrate 
peculiarities that defhaml careful attention. These may be 
studied by heating a small platinum wire in the flame, dipping it 
into pounded borax, mixed with a minute quantity of peroxide 
of copper, and heating it in the flame, as in Fig. 403 ; a blue 
glass being formed in the oxidating flame, while a brown glass 
or metallic copper is seen in the inner flame. 


Fljr. 400 . 



1, Indicates the inner oxygenating cone, very small, and pro- 
duced fry the air from the blowpipe. 

2, The blue cone, which becomes entirely deoxidating when a 
highly yellow and luminous flame is largely mixed with it. 

3, Shews the outer flame, composed principally of products of 
combustion* 

4, The hot air beyond the outer flame, highly oxidating. 

5, The point of greatest heat. 

6, The termination of the visible flame. 

7, The hot products of combustion, occasionally exerting an 
oxidating or deoxidating influ nice, according to the nature of 
the subject of experiment arfl the materials with which it is 
mingled. 

8, A point coneidorably beyond the visible flame, which al- 
ways exerts an oxidating effect. 

2016. When the platinum wire alone is held in the flame, no 
peculiar appearance is presented ; but with many substances, a 
peculiar tint is observed, and this should be examined with the 
wire held in all the different parts of the flame represented in 
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the preceding figure. No. 8 shews the appearance, when any 
compound containing sodium has touched the wire, as common 
salt, borax, and sulphate or carbonate of soda. i 

2917. The effect produced by the flame of the blcJWpipo, de- 
pends very much not only upon the management of the flame, 
but also upon the nature of the support on which^the substances 
that may be examined with this instrument are placed. A char- 
coal support not only increases the heat, but assists materially 
in deoxidating a number of compounds. Supports made of 
earthenware, again, favour the action of the oxidating flame. 

2918. The succeeding figures 494 — 510 inclusive, represent 


the instruments, &c. which are more commonly used in blow- 
pipe experiments. Fitrs 41H . m 

2919. Figs. 494 and 495 represent the form of wires V 9 

of iron and platinum, which are continually used in blow- I I 

pipe experiments. They may be made of all sizes, but I 1 

should not be smaller than they are seen in the figures. 

2920. Figs. 490 and 497 represent two pla- J ' 1 " 19,J - VJ7, m 

tinum wires of the exact size and form which it 1 I 

w r ill generally be found most convenient to cm- I 

ploy ; they are much better than iron wires, I 

which are not ust'd for ordinary purposes, ex- I 

cept for occasional experiments when the others I 

are not accessible. ' I 

2921. Fig. 498 shews the size of small slips I 

of glass or porcelain, which are often substi- I 

tuted for the metallic wires, especially where . 
experiments with fluxes have to be performed. Q I 

In using wires and slips of glass or porcelain, *0 H f 

they arc generally heated first in the flame, theu dipped I 

into any of the fluxes, heated again, and subsequently"'* 

brought into contact wit.li a sm§ll portion of the subject of ex- 
periment, when they may he returned to thejfkune. 

2922. Fig. 499 *hews the platinum spoon. It is not so con- 


Fitf, 4JJI) 



venient for ordir^iry experiments as the wire. 
Two small platinum cups, Figs. 500, 501, of 
the size and form shewn, are still more con- 
venient, and, like the wires, may t be freely 
boiled in water or in muriatic acid, when this 
may* bo required, after using* them at the blow- 
pipe. 



820 


JHE 


BLOWPIPE. 


2923. Figs. 502 and 503 represent a small cup made of pipe- 
Fig. 502. clay, of the exact size em- 

ployed, supported on the 
extremity of a slip of glass. 
f//y Cups of this fend are very 
useful as the effect of oxi- 
dation is well observed, and 
• also the colour of any mat- 


Fig.ooy. 


ter that melts or flowsS upon its surface. 

2924. Fig. 504 represents a thin slip of brass of the exact 


Fipr 504. 



size used in making the cups, and about l-16tli to l-20th of an 
inch in thickness. They are prepared by placing the brass 
upon a piece of paper, pressing pipe-clay softened by water upon 
it so as to fill up the apertures, after which it is laid upon the 
palm of the left hand and the clay pressed by one of the fingers 
of the right hand, so as to give them a cupped appearance. On 
allowing them to dry, they separate from the brass, after which 
they arc gently heated, and ultimately exposed to a white heat 
before they become fit for use. 

2925, Fig. 505 represents a small cupel made of F'k r, ° 5 

bone ashes, for removing lead from silver by the /JW 

outer flame of the blowpipe, in the same manner Jr 
as it is separated by the process of eupellation. See j°\ 

Silver. t / \ 

2926. In all experiments where a deoxidating 

power is required, a charcoal support is commonly used — well 
burned charcoal producing no flame is preferred. Soft charcoal 

FiK. 5 °r>. gives the greatest heat ; hard charcoal is more 

) W J durable. A|i shallow cavity is usually made 
S \ in the charcoal where the subject of the ex- 

s* 1 periment os to be placed, but whore great 

heat with a deoxidating power is required it may be sunk deep, 
as in figure 506. 

* 2927. When very small portions of matter are used, Mr 
Smithson recommends them to be supported on little pieces of 
clay, preparing these by striking a piece of clay between two 
pieces of paper till it forms a thin plate cutting it afterwards 
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with a pair of scissors, and heating it? The little masses exa- 
mined are attached to these pieces of clay by touching them at 
the extremity with a little clay made up with water. They 
may be supported in the flame by placing them on charcoal, by* 
a pair of foqpeps, or on the point of a platinum-wire. F,RS * 507,508 
Pumice-stone is frequently employed for the same pur- fl J 
pose,* but it is too porous for a number of operations. \ 

2928 . Pincers or forceps of vafious sizes are much ' I 

used in experiments with the blowpipe. Those re- I 

quij’ed merely for lifting small fragments of different I 
substances, mavbe made of the form seen in Figs. 507 [ | 

and 508. " l I 

2929. Figs. 509 and SlO.represent platinum tipped U B 

forceps which are very useful in blowpipe experi- Kg. cod, mo. 

ments ; a a are the brass handles, d d the platinum . /. 

tipped extremities, cc small pins by which tlie a \ 

platinum extremities are separated from each other a 

when pressed upon by the thumb and forefinger, 

b h the connection of the blades. With these 
forceps, any material to be experimented upon may 
be held in the flame of the blowpipe. The figures 
in this case represent the exact size of the forceps. 

2930. Though the mouth-blowpipe is sufficient ,r, 

for all ordinary purposes, many contrivances have J * • I> 

been made for increasing its power, and avoiding 
the nocessityof supplying the stream of air for the , 
blast bv the lungs, one or two of which may now „j ! 

be mentioned, along with some useful modifications |- ^ o\r. 
in the method of applying the heat. # tJ 

293 L. In the water-pressure blowpipe, the me- i j 

tliod of constructing which will be Understood / j 
from the annexed figure, a cylindrical iron-vessel r ~ ' 

is placed within a cistern of wat#r, two tubes being * 
fitted to the upper part, and a vlide opening lfcade below, so that 
there may be a free communication between the water within 
the cylinder, and the rest of the water in the cistern. When 
the bellows are worked, air is forced into the cylinder through 
the tube connected with them, a valve preventing its return, 
while the water forced out of the cylinder rises in fhe cistern* 
On opening the stopcock connected with the tube at the top of 
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the cylinder, the water returns to its original level as the air 

sit. escapes, and if the air be made 

y ; {C s' h — to pass through a blowpipe 

• s__\& .'s'' /, ys' aperture of the usual size, a 

1 7r '£ j \ cylinder capabl%of eontain- 

- y ^ mg a cubic foot of air, will 

s' give a continued stream of 

./ S\ 1 ’ . 

t — y'-i ^ 1 air for upwards of ten mi- 

i | » f | miles, which may be renew- 

! j ! ed from time to time, as it 

'feyls y / V is required. A largo lamp 

v^- — " : ~.s C/ yf should be used with this 

~ blowpipe, the wick being 

made about an inch thick, and separated at the top to the depth 
of a quarter of an inch to extend the flame ; the point of the 
nozzle, which is usually made of glass, is introduced a little way 
within it. The glass nozzle is fitted to the bent brass tube 
(continuous with the upper part of the stopcock), merely by 
tying it. round with thread, and pressing it gently in, when it 
has been made to fit to it. The stopcock is fixed in a hall and 
socket joint, so that it may he moved easily in any direction. 

2932. A gasholder (Fig. 15, page 9) may be often used with 
advantage to supply a continuous stream of air for some time, 
connecting the aperture from which the air is expelled in the 
usual manner with a flexible tube which terminates in a nozzle 

Fi g . r.i 2 with a small aperture. Should this apparatus be 



preferred, a nozzle, such as is represented in Fig. 
512 above the blowpipe table, may be fitted to any 
temporary stand, iu the manner shewn in the an- 
nexed figure, so as to allow it to be easily elevated 
or (k-l >ressed‘, as may be remiired. When the gas- 
holder is filled with water, on emptying it, the sup- 
ply of air may be kept up as before on returning 
the water. \ 


2933. Tlio annexed figure represents a more simple appara- 
tus than any of the preceding; it is a modification of Danger’s 
Ulowpipc, who received a prize for its invention. It consists of 
a brass tube, terminating in a cup containing a brass ball, 
$hiidi acts t*s a valve ; a tube is connected with the upper part 
of the cup, which divides into two branches, the one termi- 
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nating in an air-proof bag, and the other m a small aperture, 
rig. 5i3 or j s better, in a wide aperture, into 

ff which glass nozzles of various sizes may 
// be introduced. The brass tube may be 
^ — fl // made about 12 inches long, and *Jths of an 

J q // inch in diameter ; the cup an inch deep 
• and an inch wide at the top ; -the brass 

fiEJ • ball sliould be half an inch* in diameter, 

o The brass clam]) by which it is fixed to the 

table should be cast; so as to form the 
branches of the tube which lead to the bag 
and to the nozzle. The brass tubc'should 
have a jproper mouth-piece. On blowing 
/y\VVy into the tube, the ball is raised, and the 

air passes into the bladder, part of it escap- 
k ) ing through the nozzle. The ball returns 

VX Y YJ to its ]>lace the moment the blowing isdis- 

\W \ f/ continued, and on giving the necessary 

jf compression, a constant stream of air is 

Q propelled through the nozzle. The neces- 

sary compression is given most conveniently by putting a loose 
network round the bag, to which weights are attached, support- 
ing them during the inflation. The bag may be made of Mac- 
kintosh’s water-proof cloth, or a bladder may be employed. # 

2934. In the oxyhyilrogen blowpipe, a mixture of oxygen and 

hydrogen gases is inflamed as it issues from a brass nozzle con- 
nected with two flexible tubes, one supplying oxygen, and an- 
other hydrogen, from separate gasometers. The hydrogen 
should be put on first and inflamed, and the oxygen should be 
allowed to mix gradually with it, increasing the quantity slowly, 
till the large flame of the hydrogen is reduced to a small pale 
blue pencil. Iron-wire is nlelted instantly when held in this fkme,, 
and by directing it upon a sinal^ piece of any solid sfibstanee, 
vve can expose it to a higher temperature than in any other 
way, except by subjecting it to the action of a powerful galvanic 
battery. m 

2935. The gases have sometimes been mixed in the same gaso- 
meter, and many contrivances have been made to prevent the 
flame returning through the nozzle, which would cause a violent „ 
and dangerous explosion ; but though several of them are ett- 
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tremely ingenious, ^and must obviate every chance of explosion 
in the hands of an operator who has had some experience, it will 
he proper for the beginner to use a separate gasometer for each 
of the gases, allowing them to mingle only in the nozzle into 
which the flexible tubes are fixed. * 

2936. In most cases, the operator will have sufficient command 
over this 'blowpipe by merely holding the nozzle in his hand ; a 

support Avill often be found useful, however. 

Fig. M4. l • _ 1 

^ It consists of a brass stand, with a moveable 
___ _ 7 

brass rod made to slide up and down m it, 

^ r and which can be adjusted to any height by a 
screw fixed ..to the side. On the top of this rod there is a move- 
able joint supporting a sheath for the brass nozzle, so that by 
moving the sheath, or turning round the brass rod in the stand, 
the nozzle may be made to point in any direction, and kept stead- 
ily in any position in which it may be required. 

2937. For a full detail, with respect to the method of using 
the mouth-blowpipe, I must refer to the treatises which have 
been written on this subject, mentioning some experiments which 
Avill enable the beginner to commence experimenting Avith it, 
and subjoining a table of the effects of the blowpipe flame on in- 
organic substances, taken from Mr Children’s translation of 
Berzelius's Treatise on the use of the BloAvpipe. The size of 
tl*c» substance submitted to the flame of the blowpipe need not 
be larger tlian a pea, and in most eases it Avill be found advan- 
tageous to take a much smaller portion ; this, hoAvcvcr, must be 
regulated in a great measure by the nature of the substance to 
be operated on, the size of the flame which can he commanded, 
and the dexterity of the experimenter. 

2938. Take a small piece of lead, not exceeding half a grain, 
and expose it to the oxidating flame on a clay cup, as in Figs. 
503 'child 504 ; when it is melted, a beautiful iridescent appear- 
ance will be seen on its surface, the lead speedily attracting 
oxygen, and being converted into the yellow oxide of lead, Avhicli 
is melted at the same time, and forms a glazing OA'er the earthen- 
ware. 

* «? 

2939. Expose another piece of lead to the deoxidating Hamc, 
and if it be completely surrounded with this part of the flame, 
no oxide Avill be formed. 

<2940. Put some red oxide of lead on a piece of tile, and ex- 
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pose it to heat in the outer flame ; it will ^>art with a portion of 
its oxygen at this high temperature, and be converted into the 
yellow oxide of lead, though surrounded with an excess of oxy- 
gen, but it will not part with any more oxygen, though the heat 
may be sufficient to melt what remains. * 

2941 . Put another portion of this oxide on a piece of charcoal 
to assist its reduction by the deoxidating flame ; globules of me- 
tallic lead will* be immediately obtained. 

2942. Expose some metallic antimony to heat on charcoal in 
the usual manner ; it will soon melt, revolve rapidly round its 
centre, and burn with a pale blue flame, producing a large quan- 
tity of white fumes. Zinc treated in the same, manner bums 

with its characteristic ricli-colourcd flame. 

• • 

2943. Expose some borax to heat on a tile till the water of 
crystallization is expelled, and a bead of glass is obtained. 

Repeat this several times, mixing the borax successively with 
portions of the peroxide of copper, peroxide of manganese, oxide 
of chrome, chloride of gold, and a number of other substances. 
The glass that is formed in this manner will be rendered bluish- 
green by the peroxide of copper, purple by the peroxide of man- 
ganese, green by the oxide of chrome, and of a beautiful pink 
colour by the chloride of gold. A large piece of borax receives 
a very deep tint when it is merely touched with a glass rod dipped 
in a very dilute solution of the chloride of gold. 

2944. Expose some metallic tin to the flame of the'blowpipe ; 

it will soon be melted and acquire a crust of oxide on its surface ; 
then endeavour to reduce the oxide on charcoal. This will not 
be easily effected, unless the operator has acquire^ considerable 
command over the blowpipe, but if a little carbonate of soda or 
potassa be put over the oxide of tin, globules of metallic tin may 
be obtained with great facility. • 

2945. Expose a small piece of the bipersulphatc of* copper 

(weighing about 1 or 2 grains^ to the deoxidating flame of the 
blowpipe, after placing it upon charcoal ; and continue the heat 
till it is completely decomposed, and a round globule of metallic 
copper is procured. m 0 

2946. These experiments will be sufficient to guide the stu- 
dent in studying the subjoined table, from which he should select 
and perform all those that may appear most interesting. 

2947. The great value of Bokax as a flux, depends pfinei- 
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pally upon its tendency, after its water of crystallization has 
been expelled, to form very fusible compounds with a number pf 
substances, from the appearance of which their nature may in 
^general be inferred. Carbonate of soda is used for the same 
purpose, afid also to promote the reduction of metallic oxides 
(2044). Phosphate of soda and ammonia (salt of phosphorus) is 
prepared by mixing equal parts of phosphate of soda and phos- 
phate of ammonia in solution*, crystallizing afterwards'by eva- 
poration. On exposure to heat at the blowpipe, the ammonia is 
disengaged, and the excess of acid now in combination with the 
soda combines with salifiable bases, and renders them more easily 
fusible;. Nitre imparts oxygen readily ; Tin, again, is used as 
a deoxidating agent ; Tron precipitates many metals, as copper, 
lead, and antimony ; and Nitrate of Cobalt serves to distin- 
guish alumina from magnesia, producing a blue colour with the 
one, and a faint rose-red witli the other. 
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SYNOPTIC TABLE 


THE PRINCIPAL CHARACTERS OP THE EARTHS AND 

METALLIC OXIDES BEFORE THE BLQWPIPE. 

• • 

[Extracted from Berzelius’s Treatise on the Blowpipe, as Trans- 
lated by Mr Children.] 


Abbreviations. — O. F. Oxidating Flame . — It. F. Reducing or Deoxidating Flame. 

— =5 parts; Fqual parts of the m Assay and Flux . — N. C. Nitrate of Cobalt 

FI. Flaming. — C. under the column of either of the Fluxes , means that the sup- 
port is ( %treoa1. — P. F. Platinum Foil.— 1 *. W. Platinum IFire'. — A Brace 
{, refers to the first column only, and includes all those which are contained in the 
space which it comprehends. 



Heated 

ALONE ON 

Assay. 

A ' 11 m 



1 J LATINA. 

Charcoal. 

1 . Alkalies. 


* 

2 . Baryta. 

2 . Infusible. 

2 . Infusible. 

a. Hydrate. 

<r. Bubbles up and fuses. 

a. Is absorbed. 

b. Carbonate. 

b. Fuses readily into a 

b % Becomes caustic and 


cleav glass enamel, 
wlii to on cooling. 

is absorbed. 

3. Strontia. 

3. Infusible. 

3. Infusible. 

a. Hydrate. 

a. Like baryta* 


b. Carbonate. 

h. Fuses wit It moderate 
beat at the surface ; 



— great brilliancy ; 
tinges strong It. h. 

• • 


rc<l ; becomes alka- 
line. 

• 

4. Lime. 

4. No change. • 


a. Carbonate. 

a. Becomes caustic and 



alkaline ; emits bril- 
liant wbitr light. 

• 

5. Magnesia. 

f>. No change. 

5. No change. 

G. Alumina. 

G. No change. 

G. No change. 

7. Glucina. 

7. No change. 

7. No change. 

0 . Yttria. I 

G. Like Glucina. 

G. Like Clucina. 

9. Zircon ia. 1 

1 9. Infusible ; enfits in- 

9. Infusible, emits in- 


tense light. 

tense light. 

10 . Silica. | 

10. No chan gi- 

10 . No change.. 

11. Molybdic Acid. ( 

ll. Fumes and fuses; j 

11 . Fuses, and is ab- 

brown-yellow on cool- ! 

sorbed, aud # partly re- 


ing; in It. F. blue ; in- 

duced. • 


tense heat, brown. 
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Aw... ' 

flEATKD alone on 

Asjsav. 

^ Platinum. 

Charcoal. 

12, Tungstic acid. 

12. It. F. blackens, but 

12. The same. 

not reduced. 


13. Oxide of Chrome. 

13. No change. 

13. The same. 

14. Antimony. 

r 

w 

14. Fuses readily ; white 
fumes, which copdense 
into pearly crystals. 

a . Oxide of A ntimo n y. 

b. A utimoniuus Acul . 

r. Antimonic A chi. 

a. Fi/ses readily, and 
sublimes in white 
fumes ; prec ip it<i ted 
oxide burns liko tin- 
der into antimoni- 
ous acid. 

• « 

а. 'Fuses readily, and 
reduces ; colours the 
dame greenish. 

б. Does not fuse, nor 
reduce ; gives a 
bright light. 

c . Whitens; is changed 
to antimonious acid. 

15. Oxide of Tellurium. 

lf>. F. fuses ami fumes. 

15. Fuses, effervesces, 
and reduces. 

16. Oxide of Coliimhium. 

16. No eliauge. 

16. The same. 

17- Oxide of Titanium. 
18. Oxides of Uranium. 

17. No eliauge. 

17. The same. 

18. Peroxide becomes 
protoxide ; blackens, 
but does not fuse. 

11). Oxides of -Cerium. 

1!). Protoxide becomes 

10. Peroxide does not 

20. Oxide of Manganese. 

21. Oxide of Zinc 

Peroxide 

21. Yellow while liot ; 
white when cold ; does 
not fuse, but gives out 
great light when very 
hot, and white fumes, 
which condense like 
wool. 

alter. 

20. Not fused ; becomes 
brown in a strong heat. 

22. Oxide of Cadmium. 

• 

• 

1 22. F. no eliauge. 

; 22. Moon dissipates, leaves 
a red or orange* yellow 
j powder on the ehar- 
| coal. 

23. Oxide of iron. 

23. O. F. 11 b change. 

« 

23. It. F. blackens, and 
becomes magnetic. 

24. (fctido of Cobalt. 

24. No eliauge. « 

, 21. The same. 

25. Oxide.of Nickel. 

25. No change. 

i 25. The same. 

26. Bismuth. 

% 

26. Flies off’ in fumes, 
and leaves a mark with 
red or orange edges, 
which may he dissipa- 
ted in 11. F. without 

i 

* 

giving colour to the 
dame. 

't. fKvhh' of fiifiiHUlll. 

: 

4 

0 . P. F. fuses readily, 
mass dark brown, 
yellowish on cooling. 

a. Instantly reduced. 

c 1 

♦ l 

1 11 very intense heat 
reduces and perfo- 
rates the h»il. * 




SYNOPTIC TABLE. 


829 



27. Oxides of Tin. 


28- 0£ide of Lead. 


21). Oxide of Copper. 


30. Oxide of Silver. 


Platinum. 


27- Protoxide takes fire, 
and burns like tinder 
into ‘peroxide. 

28. Minium becomes 
black while m hot ; 
at incipient redness 
changes to yellow ox- 
ide, fusible into orange 
coloured glass. 


30. Instantly reduced. 


Charcoal. 


27. R. F. Peroxide does 
not fuse, biA reduces 
in a strong prolonged 
heat. 

28. Orange glass reduces 
into a gfobule of lead. 


20. (). F. black globule ; 
flows over the char- 
coal ; under surface re- 
duces. 

R. F. reduces ; witli 
strong heat gives a 
bead of metal. 

30. instantly reduced. 


Heated with Fluxes. 


Salt op Puospho. 


1. Alkalies. 

2. .Baryta. 

a 11 ydrate. 
b. ( \irhonatii. 


3. Strontia. 

a. 11 ydratt j . 

b. Carbonate. 


4. Lime. 
a. Carbonate. 


5. Magnesia. 


0. Alumina. 


2. t Fuse, and 

a. ^ are absorb- 

b. ( ed by tlie 

charcoal. 


3. No action on 
caustic stron tia. 
b. — parts, fuses 

into a clear 
glass, heroines 
milky 011 cool- 
ing : in strong 
boat, bubbles, 
and absorbed 
by the charcoal. 

4. f No sensible 
. a. \ quantity. 

dissolved. 


2. ( Fuse readily 2. As with 

a. < with offer- a. < Borax, hut 

b. I vesceuee in- b. 1 foam and 


to a clear glass, 
which becomes 
opaque by FI. 

'• j Like Bary- 


iiituincsce ; end 
in a el«ir glass. 


5. No action. 


6. Swells up 
forms an infusi- 
ble compound. 


Clear glass ; 
opaque by FJ. 
a. Fuses with 
effervescence ; 
with more car- 
jbonate ck*ar 
glass; crystal- 
lizes on cooling. 

5. Jake Lime. 


6. Fuses slowly ; 
permanently 
cle&r glass. 


4. Funds in large 
quantity ; clear 
glass. 

a. Fuses with 
effervescence. 


1 


5. Fusos readily 
clear glass : satu 
rated witli mag- 
nesia, opaque on 
0#oling. 

6. Permanently 
clear. 
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Heated with Fluxes. 


16. Oxide of Colum- 
bium. 


17. Oxidp of Tita 
nium. 


16. Combines with 
effervescence, 
but not fused or 
reduced. 

17. Fuses into a 
clear dark yel- 
low glass; white 
or grey on cool- 
ing, and crystal- 
lizes with evo- 
lution of great 
heat. 

C. not redu- 
cible. • • 


18. Oxides of Ura- 
nium. 


ID. Oxides of Ceri- 
um. 


20. Oxide of Man- 
ganese. 


21. Oxide c. Zinc. 


22. Oxide of Cadini- 


18. C. brown-yel- 
low ; not fused. 


19. C. not fused, 
soda absorbed ; 
white or grev- 
white protoxide 
remains on the 
surface. 


20. P. F. fuses, 
green, • glass 
clear ; cold, 
bluish-green. 

C. not redu- 
ced. J 

21. C. not fusej, 
but reduced, 
with flame ; 
white fumes, 
which cover 
the charcoal. 

22. P. W. not fu- 
sed. 

C. reduced, 
sublimes, and 
leaves a circular 
yellowish mark. 


16. Colourless, 
clear glass ; be- 
comes opaque 
by FI. 

17. P. .W. fuses 
• easily : glass co- 
lourless ; be- 
comes milk- 
white by FI. 

It. F. glass 
assumes a dark 
amethyst-colour 
but transparent. 

In large quan- 
tity on C. and 
It. F. glass, dull 
yellow ; when 
cold, deep blue. 

18. P. W. dark 
yellow glass ; in 
Jt. F. becomes 
dirty green. 


10. O. F. fine red, 
or deep orange- 
yell ow glass ; 
colour flies 011 
eooling ; cold, 
yellowish tint. 
Enamel -white 
by FI 

In it. F. loses 
its colour. 

20. (). F. clear 

amethyst colour I 
glass ; colour 
flics in It. F. I 


Salt of riio&>piio. j 

16. lapses easily ; 
glass, perma- 
nently clear. 

17. O. F. clear 
colourless glass. 

It. F. ami on 
C. glass yellow- 
ish, hot ; on 
eooling, first 
red, fjien very 
fine bluish-vio- 
let. 


18. J\ W. ami O. 
F. clear yellow 
glass ; cold, 
straw yellow, 
slightly green. 

C. and It. F. 
fine green glass. 

19. O. F. fine red 
glass ; colour- 
less when cold, 
and quite lim- 
pid. 


21. O. F. fuses ea- 
sily, clear glass 
becomes milky 
by FI. 


2(h The same, but 
colour not so 
► deep. J nf iision 
in O F. boils 
and gives off 
gas. Jji It. F.j 
fuses qfiietly. 

21. ^Nearly the 


22. P. F. yellow- 22. Dissolves in 
ish glass, colour large quantities, 


flies on cooling; 
on C. glass bub- 
bles, Cadmium 
reduced, sub- 
limes and leaves** 
yellow oxide. 


clear glass ; on 
cooling, milk | 
white. i 
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"IT 1 

Ieatbd with Fmjxbs. | 

Assay. 

Soda. 

Borax. 

Salt op Phospho. 

23. Oxide of Iron. 

23. C. absorbed 

23. O. F. dull red. 

23. Similar to Wo- 

and reduced ; 
not fused. 

♦ 

glass becomes 
clear and yel- 
lowish or colour- 
less by cooling. 

C. and R. F: 
bottle green 

glass or bluish- 
green. 

rax. 

24. Oxide of Cobalt. 

24. P. W. pale red 

24. Fuses readily. 

24. The same, "the 


by transmitted 
light; grey, cold. 

deep blue glass. 

colour appears 
violet by caudle 
light. 

25. Oxide of N irk el. 

25. C. absorbed 

25. rO. F. orange- 

25. As with Bo- 


and reduced ; 

yellow, or red- 

rax, but the co- 


not fused. 

dish glass ; be- 
comes yellow or 
nearly colour- 
less on cooling. 

lour dies almost 
wholly on cool- 
liug. 

2G. Bismuth. 


a. O. F. colour- 

a. ( ). F. yellowish- 

it. O,ridcof Whim » t ft. 


less glass. 

It. F. partly 
reduced, mud- 
dy greyish 
glass. 

brown glass, 
hot ; colourless, 
but not quite 
clear, cohl. 

It. 1’’. clear 
and colourless 
glass, hot ; 0 - 
paque, A grey- 
ish black, cold. 

27. Oxided of Tin. 

27. P. \V. effer- 

27. Fuses with 

27. As with 1 lo- 

vesces, tumified 
infusible mass. 

0. readily de- 
duced. 

groat difficulty : 
permanently 
clear glass. 

ro x. 

28. Oxido of Lend. 

28. P. W. clear 

28. P. W. clear 

28. Clear colour- 


glass becomes 
yellowish and 
opaque on cool- 
iug. 

ghr<s, yellow, 
hot ; on cooling 
colourless. 

C. flows over 

less glass. 

( 

C. instantly 

the surface and 


M 

reduced. 

‘reduces. 


29. Oxide of Copper. 

29. P. W. tine 

29. O. F. tine 

29. O. F. similar 

green glass, hot; 

green glass, 

to Borax. K. 


on •cooling co- 

which in It. F. 

F. glqss usually 


lourless and 

becomes colour- 

red, opaque, and 


opaque. 

C. absorbed 
and reduced. 

less, liot ; but 
cinnabar-red 
and opaque 
when solid. 

like an enamel. 

30. Oxide of Silver. 


30. O. F. glass be- 
comes milky, or 

30. O. F. yellow- 
ish glass view i'd 



opaline, on cool- 
ing. 

R. F. givyish. 

by transmitted 
light b^ day, by 
candle light red- 
dish. 




It F greyish 



SYNOPTIC TABLE. 


833 


Assay. 


With other Re- agents. 


Remarks. 


1. Alkalies.* 


2. Baryta. 

2. 

( N. C. ; a globule of 

a. Hydrate . 

a. 

< different shades 

b. Carbonate. 

b. 

( *of * red ; colour 



flies on cooling. 

3. Strontia. 

3. 

( N. C. exhibit a 

a. Hydrate. 

a. 

< blackish colour ; 

b. Carbonate. 

b. 

( do not fuse. 

4. Lime. 

4. 

5 N. C. black or dark 

a. Carbonate. 

a. 

\ grey mass, infu- 



sible. 


5. Magnesia. 

6. Alumina. 

7. Glucina. 
10. Silica. 


11. Molybdic Acid. 


12. Tungstic Acid. 


1. The Alkalies are not! 
readily distinguishable 
by the blowpipe. Li - 
thia leaves # a dull yel- 
low stain, when heated 
to redness on platinn 
foil. Ammonia may be 
knowif by heating the 
assay with soda ; it 
gives off a pungent va- 
pour, which turns the 
yellow colour of moist- 
ened turmeric paper 
brown. 


5. N. C. ; flesh colour 
when quite cold. 

6. N. C. ; fine blue glass, 
with strong heat when 
cold. 

7. N. C. ; black, or dark 
grey mass. 

10. N. C. ; blue glas 
when perfectly fused. 


G. Tho blue colour is 
only distinctly seen by 
day light. 


10. Tho part not perfect- 
ly fused wit£i nitratel 
of cobalt, has a reddish-| 
blue disagreeable co 
lour. 

11. In the inclined glass 
.tube, fuses, gives off va- 
pour, whfch condenses 
partly on tlie tube as a 
white * powder, partly 
on the assay in brilliant 
pale yellow crystals. 

12. If tungstic acjfl con-| 
tain iron, th« gloss with 
salt of phosphorus is 
blood-red in It. F. 
Tin makes it green or| 
blue. 


* Soria and salts of soda communicate an orange tint: to the flame of the blowpipe, but potassa 
and salts of potassa do not produce this effect. 
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I 

CHAP. VI.— TUBE APPARATUS. 


Fig. 513. 


Fig. 514.* 


2948. Next to the blowpipe, there is no piece of apparatus 
which the student can procure that will be of so nqieh use to him 
as a case of test-tubes. Although with these 
he cannot operate on a large quantity of mate- 
rials, still there arc perhaps few chemical ex- 
periments where glass vessels are required, 
which cannot be performed in a satisfactory 
manner w;th.tube apparatus. A case of test 
tubes should include seven or eight of dif-" 
ferent sizes for miscellaneous operations ; a 
sjj^all funnel of a corresponding size ; a longer 
test-tube bent so that it may be used as a 
retort ; and several tubes with balls blown at 
the extremity. Figs. 513 and 514 represent 
the size and form of the test-tubes I find 
most convenient. 

Test-tubes of the above size may be used 
for performing on a small scale all those experi- 
ments in which a glass- vessel is required, such 
as a flask or a precipitate glass, fn gene- 
ral, it is better not to fill it more than one- 
third or one-fourth full, when it is necessary 
to apply heat. The tesf-tubc may also be 
*used as a subliming apparatus, or as 
a small pneumatic jar. 

2949. Figs. 515, 516, 517, shew 
the smallest sizes of test-tubes ge- 
nerally employed when the propor- 
tion of materials is very minute, as 
in the reduction of excessively small 
quantities of arsenic. In Fig. 517, 
a represents any mixture to be 
heated, as oxide of arsenic and 
charcoal, and b the place»where de- 
tached fragments of charcoal may 


s — • 




J 


Figs. 515, 510, 517, 518, 510, 520. 
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be placed which cam be heated before a 9 so as to decompose 
any oxide that may^be separated without decomposition at a 9 
on the first application of the heat. 

2950. Figs. 518, 519, and 520, represent a brass scraper wire, 
and wire with attached thread, such as are generally used in 
assisting the introduction of a minute charge ; the thread b in 
Fig. 520 should always be held firmly by the hand, in case it 
should separate from a. 

2951. When the quantity of materials to be introduced into 
the tube is not so minute as would be necessary in the preced- 
ing cases, they may in general be introduced most conveniently 

Pig. 021. 



by a gutter made of glazed paper, Fig. 521, the tube being held 
horizontally till it reaches the extremity, af^gr which it is placed 
in a perpendicular position, so that the materials may fell off 
without soiling the sides of the tube ; the paper gutter is then 
withdrawn. 


2952. In examining the action of heat upon any materials 
placed in tube apparatus, every successive appearance should 
be minutely attended to as it is developed, independent of the 
ultimate result, as the indications presented at various times 
often give a clue to the nature of the materials under examina- 


tion. Tube apparatus, also, in cases of sublimation, should be 
loosely plugged with cotton, that the access of the air may not 
be too free, and held in the inclined position shewn in Fig. 

Fig.ta2. ' 522, that all water or other fluid disen- 

gaged from a , may collect at b or c , 
without any risk of its return upon a , 

and breaking the tube. 

295*5. ^ig. 223 illustrates the common method of heating a 
1 523 ’ * Itf * 4 ' tl st-tube. A piece of paper coiled 

J round the upper part may be sub- 
stituted for the wire. 

2954. Fig. 524 shews a form of 
tube frequently employed in ex- 
periments when a precipitate is 
deposited, while a liquid above 
U may require to be heated. 
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2955. Fig. 525 represents a plain tube fpunel for intro- 1 ,,r * 
ducing small portions of fluid into tube apparatus. It is 
made very easily by holding the middle of a piece of tube 
of the same kind as the common test-tube (Fig. 513) in 
the flame of a lamp till it becomes soft, turning it •con- 
tinually round in the flame that the heat may be applied 
as equally as possible ; it is then to be removed, and the 
extremities are to be pulled gently away from each other. 

A much smaller tube is thus formed in the middle, and on 
dividing it, two tube funnels are procured. 

2956. Fig. 526 shews another form of the tube-funnel more 
generally used, for which, indeed, the former is merely to be re- 
Fig. 520 garded as a substitute. # A short tube-funnel, with a very 

narrow aperture, is very convenient for pouring out small 
quantities of mercury ; it may be jnade of the form shewn 
in the annexed figure ; or a plain one, ftade in the same 
manner as Pig. 525, may be used. 

2957. Tube-retorts and receivers are frequently employed in 
distilling small portions of liquid, or in preparing small quanti- 

FiK. 527 . ties of some of the gases. The annexed 

figure shews one of the simplest forms* of 
the tube-retort, a common tube, sealed at 
one extremity, being bent in the middle 
after softening it in the flame of a lamp ; 
a common test-tube is used as a receiver. Fig. 528 shews 
another form of this apparatus ; two balls blown upon a piece 
of a test-tube are used, converting one in- 
to a retort by fixing a befit tube* in it with a 
little lute, lind introducing the extremity of the 
tube into the other, which is employed for a rc- 
Whcn liquids alone are put into the retort, and also in 
many cases where a solid and a liquid is used, a coiqjnoTi tube- 
retort (Fig. 527) may be used with advantage, after blowing a 
ball upon the sealed extremity. 

2958. Mr Kerr has proposed a particular form of tube which 
is very useful in experiments where a very small quantity of gas 

Fi £-* m is disengaged. A tube sealed at one extre- 

^ mity is heated in the middle only on one side, 
blowing into it so as to swell it mut whqp it 
has become soft. It is then bent in the manner 



Fi fi . .Wfc 



ceiver. 
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shewn in the figuret so as to have the part that bulges out be- 
low and towards the^ sealed end. If the sealed extremity he 
filled with dilute muriatic acid, and a fragment of marble be 
f then thrown in, the manner in which it is used will be seen by 
holding it 9 in the position represented in the figure. None of 
the carbonic acid gas escapes ; it is all collected in the sealed ex- 
tremity of the tube, and may then be transferred to another ap- 
paratus, filling the open end of the tube previously with water 
or mercury. 

2959. Fig. 530 represents a wooden case for holding test- 
tubes ; it may be made about four and a half inches long, three 

Fig.m Fig. mi. and a half inches 

broad, and one inch 
and a half thick. Fig. 
531 shews the form of 
another stand for hold- 
ing glass rods, long 
test-tubes, tubes with 
balls, &c. It should 
be about ten inches long, and six inches broad, a space of 
three or four inches intervening between the upper and lower 
boards of which it is made. 

2960. A spirit-lamp will in general be found most convenient 
for heating liquids or solids in test-tubes ; but when any mixture 
is to be sublimed in a large tube, it will often be more conve- 
nient to place it in a horizontal position across the top of a 

P'ff-53?. chauffer, having apiece cutout 

at the side in the manner seen 
in Fig. 532, coating the tube 
with a mixture of sand and clay, 
when it is to be exposed to a high 
temperature. A chimney may 
be put above it, if necessary, surrounding the coated tube com- 
pletely with small pieces of charcoal. 

2961. It will also be found advantageous occasionally to have 
some other pieces of apparatus constructed on a smaller scale, 
which may be used in connexion with the tubes themselves. 
Thus, an apparatus such as is represented in the annexed figure 
(533) will, be found useful in operating with solutions with 
which the student may exercise himself in endeavouring to de- 
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Fig. 533. tect small quantities of arseife, lead, antimony, 

a opium, and other poisonous Substances, in mixed 
liquids. Sulphureted hydrogen may be prepared 
in it, though it should not be more than an inch 
or an inch and a half in diameter, and transmitted 
through the liquid on which he is operating in a 
wine-glass, as in the process for precipitating sul- 
pliurets of arsenic, lead, and antimony, or for decomposing the 
meconiate of lead precipitated by a solution of the acetate from 
a very diluted solution of the tincture of opium, so as to separate 
the meconie acid. 

2962. Small test-tube phials, of the annexed form 
and size, Fig. 534, are very convenient where there 
is much experimenting, as a number of drops may 
be forced out by the pressure of the expanded air, 
when they are inverted, and held in the hand. They 
may be made of test-tube, the end being prolonged, 
and bent in the manner represented at the blowpipe. 

The acid, or other test to be used, is introduced by 
dipping the extremity into it, after expelling part of 
the air by a moderate heat. 

2963. To make a common test-tube, the flame of 
the blowpipe must be directed upon a proper piece 
of tube, at the distance of four or five inches from 
one of its extremities, turning it constantly round 
that it may be exposed equally on all sides to the action of the 
heat, and drawing the one portion* away from the other slowly ; 
by directing the flame upon the closed end ofythc tubj, and heat- 
ing it till it is soft, it may be made smooth and uniform in its 
appearance on blowing into it. 

2964. The student of chemistry should study practically, with 
much care, the method of making the common test-tuba? after 
examining minutely the next fifteen figures. 

m shews the blowpipe lamp, with the nozzle introduced. 
n 9 the pointed flame produced, when the stream of air is di- 
rected through the flame. 9 

x and xx, a ground-plan and a perpendicular section, shewing 
the position of the tube when the flame is first impelled 
upon it. # 

The tube being softened, and x x being separated from ea*ch 
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other by drawing it lut a little when it is heated, it should then 
be inclined at an angfc towards the blowpipe flame, as in the six 
successive figures, the great object being to exhaust or draw out 
t as much as possible, the glass that might otherwise aggregate at 
the bottonf of the tube, without melting an additional quantity. 
When a, b, c , d, e t has been detached, then the pointed extre- 
mity should instantly be turned, as in /, g, and h, till the point 
melts into the substance of the glass, heating it with great care 
only in the oxidating hot air beyond the flame. It may then be 
heated more sharply in the flame, as in i 9 till it becomes so hot, 
that, on flowing into it, the extremity is equally rounded ; and, 
if any charcoal be deposited, it should be burned off in the hot 
air as in beyond the visible flame Jc. 

2965. The thickness of the glass-tube used should also be par- 
ticularly studied. The annexed specimens, Fig. 550, shew the 
principal sizes in common use. Those in the first column repre- 
sent the usual diameter of thin glass-tubes, such as are best for 
boiling fluids. They must be cautiously handled when very 
small, that they may not be broken. In the middle column, 
the thickness indicates that the glass is stout, but not so thick as 
to prevent it from being employed in ordinary operations where 
heat is to be applied to liquids. The third column shews ex- 
cessively strong glass-tubes, such as are never employed except 
in condensing gjises, connecting apparatus, and as supports for 
apparatus* 

2966. Common flint-glass is gene- 
rally employed for tube apparatus in 
this country but haA'l glass, free from 
oxide of lead, is to be preferred where* 
ever much heat is to be applied, as it is 
not so easily fused as the flint glass. 

Light {green bottle glass drawn into 
tubes, is a good substitute for tho. white 
glass, free from oxide of lead, where it 
cannot be obtained. 

2967. In finishing the mopth of a 
test-tube, a brass rod may be used, as 
in Figs. 551, 552, so as to open it 
gently at oqe point, or round the whole 
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of the aperture ; or a piece of charcoal, ijig. 553, 
may be turned quickly round after the irfcuth has 
been thoroughly softened in the flame. It should 
not be so soft, however, as to allow the glass to ad- 
here to the charcoal. 

2968. To bend glass-tubes in adjusting apparatus, 
it is often sufficient to heat them in the flame of a 
powerful lamp, without the use of the blowpipe ; but 
when the glass is thick the blowpipe must be used. 

2969. All thick glass must be heated and cooled 
witli great caution, otherwise it is apt to be broken 
on the application of beat. 

2970. To blow a ball upon # a tube, seal one end, then heat 
about an inch of the sealed extremity till it is soft in the rough 
or smooth flame of the blowpipe. On blowing gently, it expands 
into a ball. 

2971. Those who are much engaged in experimenting should 
recollect, that the necks of broken retorts, and broken tube ap- 
paratus, may in general be rendered very useful by repairing 
them at the blowpipe, so as to make smaller tubes, or by heating 
them, so as to draw them out when the glass is thick, and then 

Fi ff.655. Fig. MG. 


Fig 551. 




converting them into any kind of tube apparatus. Fig. 554 
shews a tube with the extremity drawn to a point, such as may 
be employed in collecting^ gaseous mattef evolved from any mix- 
ture on the application of heat. Fig. 555, another tube aiYanged 
in a similar manner, by connecting it with a smaller tube. Fig. 
556, a pipette made out of a retort neck. Fig. 557, a long tube, 
in which different products, c and 0 , have been separated by dis- 

Fijr. 557. « 
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tillation from a, anj gas disengaged being evolved at f These 
products may be separated by cutting the tube at the upper 
angles. 



2972. In preparing pipettes, adjusting funnels and syphons, 
and connecting apparatus for the transmission of gases, as in Figs. 
558, 559, 560, and 561, the blowpipe is continually used. 


CHAP. VII. — CRYSTALLIZATION. 


2973. Solids having regular symmetrical figures, dependent 
upon tin? manner in which their particles aggregate together as 
they pass from a fluid to a solid form, are usually termed Crys- 
tals ; and the process by whielf they are produced is denominated 
Crystallization. ^ 

2974. wlien the particles unite with great slowness, crystals 
are generally ‘large and well defined ; but, when it takes place 
rapidly, the crystals are usually small, confused, and indistinct. 

2974 To crystallize any substance, it must previously be ren- 
dered fluiflT or gaseous, so that Jts particles may have free liberty 
Of motion, and are allowed to return slowly to the solid form. 

2976. The form of bodies may be changed by heat, or by the 
chemical action of jjny solvent. 

2977. Melt bismuth in a crucible, allow it to cool till it is 
partly consolidated, then pour out the rest while still fluid. The 
crystals of bismuth extend along the sides of the crucible, pre- 
senting a very beautiful and marked appearance. 
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2978. Crystallize, in the same manner, leparate portions of 

sulphur and lead. * 

2979. Heat, with extreme caution, a portion of benzoic acid 
in a flask till it is melted. Continue the heat till it is volatilized, 
and condenses in crystals in the upper part of the vessel. Crys- 
tallize, in the same manner, iodine, and biniodide of mercury, 
and aqueous oxalic acid. The common teraqueous oxalic acid 
may be used, two equivalents of its*watcr of crystaflization being 
expelled before the teraqueous acid sublimes. Great care must 
be taken to avoid the offensive vapours in the last operation. 

2980. When a solid is rendered fluid by the action of a sol- 
vent, the latter must be removed slowly in the process of crys- 
tallization, either by permitting it to evaporate, or part of it may 
be expelled rapidly by heat ; a stronger solution is thus pro- 
cured, which will, in general, deposit crystals on cooling. 

2981. When evaporation is conducted with extreme slowness 
in the open air, the crystals deposited are usually larger, and 
more regular than those separated by crystallization from a hot 
solution. 

2982. All solutions must be saturated before they deposit 
crystals. A saturated cold solution affording no crystals merely 
on cooling, may be rendered a saturated hot solution by evapo- 
ration, which will deposit crystals as it cools. 

2983. A solution, having a pellicle on the surface, is in a high 
state of concentration. A pellicle appears only when part of 
the water, or other solvent, that may have held the salt in solu- 
tion has been boiled away. 

2984. When saline matter is deposited rqflridly frym a boiling 
solution in numerous successive pellicles, it is said to be salted. 

2985. In general, the stronger the solution tfie greater the 
rapidity of crystallization, and the smaller the crystals. 

2286. When different crystallizable bodies meet in thfl same 
solution, should they not exchange elements they often appear 
in successive layers, as the solution is crystallized. Farther, 
after a portion of each has been deposited in crystals, the first 
begins to crystallize again, being sycceeded jn the same manner 
as before by the others. . 

2987. Wherever different layers of crystals are presented from 
the same solution, they are said to have been deposi|ed by al- 
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ter nate crystaliazation. By taking advantage of this pro- 
cess, salts may often'be separated. Thus, in boiling down sea- 
water, sulphate of lime is first deposited. Common salt is then 
separated by salting. The drainings from the salt give crystals 
of sulphate of magnesia, and the drainings from the sulphate of 
magnesia give crystals of the muriate of magnesia. 

2988. In all mixed solutions, the least soluble matter always 
separates first. The salt present in largest quantity' tends to 
separate first when their solubilities are nearly equal ; but, if one 
be much less soluble than the other, it may be deposited in the 
first instance, even though present in much smaller proportion. 

2989. ’ A salt, when contaminated with several others, may 
frequently be purified by solution and crystallization, rejecting 
the impurities which abound in the drainings. If the crystals 
should not be sufficiently pure after one crystallization, they may 
be dissolved, and crystallized again. Sometimes this process is 
repeated many successive times before the salt is obtained suffi- 
ciently pure. Occasionally also, even after ten or twelve crys- 
tallizations, salts associated together in solution may not be en- 
tirely separated. Dr Thomson states he has sometimes crystal- 
lized carbonate of soda a dozen of times without procuring it 
free from some traces of sulphate of soda, a salt with which it 
had been previously contaminated. 

2990. The drainings from the crystals of crystallized solu- 
tions are* to be regarded as liquids, saturated with the salts with 
which they were in contact. By concentrating them, additional 
crystals may be obtained, less 'pure, however, than the first crys- 
tals, if the spit at fi\st shall have been impure. 

2991. Hot liquids have in general a greater solving power 
than those that are cold. Accordingly, hot saturated solutions 
usually deposit crystals when they cool. 

2992. Crystals containing combined water derived from the 
solution which produced them, -are said to have water of crystal- 
lization. 

2993. Crystals may be produced without water of crystalliza- 
tion, which may yet contain f water in small and variable propor- 
tions, in consequence of part of the fluid in which they may have 
been deposited being entangled and lodgecbmechanically between 
the layers pf which they are composed. A crystal abounding in 
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water, and fusing on the application of healt, is said to undergo 
the watery fusion. If it then become dry, and be fused a 
second time, it is said to undergo the dry fusion. 

2994. Salts that liquefy in water which they attract from the 
air, are said to deliquesce. 

2995. Efflorescent Salts are those that lose water of 

crystallization in a dry atmosphere, and present the appearance 
of flour. * • 

2996. Crystals which split with a cracking noise on the appli- 
cation of heat, are said to decrepitate. 

21)97. All crystals, as Hauy pointed out, contain a primitive 
form or nucleus, which may be obtained mechanically by 
cleaving it in the direction in which it splits. The crystalline 
forms produced by the aggregation of the primitive forms, are 
said to be secondary or derivative. 

2998. Some substances crystallize in different ways, present- 
ing two primary forms incompatible with each other. These are 
said to be dimorphous from big , twice, and pogpri , form. 

2999. Bodies tend to crystallize in peculiar forms, so that these 
are often looked to as an indication of their purity. Form alone, 
however, is not a certain criterion of purity, as isomorphous 
bodies replace each other in different crystals without altering 
their figure. 

8000. Isomorphous Bodies (from i < sog , equal, and /togp»j, form) 
have the same form, and also resemble each other in mjfny other 
properties. See page 615, par. 2313. 

3001. Plesiomorphous BodieS (from vrXrimg, near) are those 

whose forms resemble each other, though /they are not abso- 
lutely identical. • 

3002. All agents which can any way affect solutions may in- 
fluence much their tendency to crystallization. The form of 
the vessel employed, the* material of which it is composed, the 
temperature, the state of the atmosphere, ail influence the re- 
sulting product. 

3003. Make a saturated solution of sulphate of soda, and pour 
one-half into any open vessel that it may be, exposed to the air ; 
it crystallizes in the usual manner as it cools. Place the other 
half in a glass flask, c#*k it tightly after bringing it to boil, and 
expelling the superincumbent air by steam ; no crystallization 
ensues on allowing it to cool. If the cork be now withdraVn 
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the air enters, dissolves a portion of water, precipitates a little 
sulphate of soda in <the solid form, and crystallization now ex- 
tends rapidly through the whole mass. When the air is loaded 
with moisture, the crystallization is less rapid, and sometimes 
does not *take place until a small crystal be introduced. Pro- 
fessor Graham has shewn that the more powerful the attrac- 
tion of gases for moisture the more effectually do they promote 
the crystallization of such solutions when brought in contact 
with them. 

3004. Solid substances, as a thread, a wooden spar, iron hoops, 
and insoluble stony substances, are often introduced into solu- 
tions to promote crystallization, or to accumulate upon them the 
crystals that are produced. 

3005. Perform the experiment described in page 346, par. 
1227, to illustrate the disposition of a metal to present a crys- 
talline texture, even though the quantity be excessively minute. 
Some metallic bodies have their texture much altered by the 
long continued action of heat, even though they should not be 
rendered fluid or gaseous. The particles of some solids, when 
merely touched, assume a different arrangement, as the yellow 
bin iodide of mercury, which becomes immediately of a bright 
scarlet colour. 


' Forms of Crystals. 

3006. This subject belongs more especially to the sciences of 
geometry apd crystallography than to chemistry, though the 
form of crystals must always be an important subject of atten- 
tion with the chemist. The reader who may desire farther infor- 
mation is referred moue especially to the writings of Hauy, 
Mohs,*-;„nd Weiss, the latter of whom pointed out that distinc- 
tion in the* systems of crystals, Avliicli has laid the foundation of 
the more recent arrangement of crystallographic forms. The 
annexed figures* shew the most important forms. 

3007. The cuBE^Fig. 562, is bounded or contained within six 
square planes. 

3008. The regular tetrahedron, l$g. 563, is bounded by 
four equilateral triangular planes. 

• From ftrooko’s Introduction to Crystallography. 
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3009. The REGULAR OCTOHE- Fig*. 562, fi63. fa. Figs. 565, 566. 567. 

dron, Fig. 564, is bounded by 
eight equilateral triangular 
planes, and may be compared 
to two four-sided pyramids 
joined base to base. The junc- 
tion of the bases is termed the 
base of the octohedron, and is 
necessarily square. 

3010. The rhombic dodeca- 
hedron, Fig. €65, is bounded 
by twelve rhombic planes. 

3011. Fig. 566 represents the 
octohedron with a square base, 
bounded by eight equal isosceles 
triangular planes. 

3012. Fig. 567 represents 
the octohedron with a rectangu- 
lar base, the planes being in ge- 
neral unequal isosceles triangles. 

3013. Fig. 568 represents the octohedron with a rhomb 
base ; the triangular planes are scalene. 

3014. The right square prism, Fig. 569, may be compared 
to the cube, after a section has been cut off parallel to any of 

Figs. 568. 569, 670. Figs. 571, 572, 573. Figs. 574, 3?5, 576. 
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its planes. If the jiewly exposed surface be placed uppermost, 
then it will be observed that the base is square, and that the ho- 
rizontal edges are longer than those that are perpendicular. 
3015. Fig. 570 represents the right square frism with a 


3016. The right rhombic prism, Fig. 571, has a rhombic 
base and equal lateral planes. „ 

3017- Thcf right oblique-angled prism, Fig. 572,- is a right 
prism with an oblique angled parallelogram for a base. 

3018. The oblique rhombic prism, Fig. 573, is an oblique 
prism having a rhombic base, and equal oblique angled parallelo- 
grams -for its lateral planes. 

3019. In doubly oblique pkisms, Fig. 574, the bases and 
the lateral planes are generally oblique angled parallelograms. 

3020. The rhomboid, Fig. 575, is bounded by six equal rhom- 


pkism, Fig. 576, is a right 


bic planes. 

3021. The regular hexagonal 
prism with a hexagonal base. 

3022. In describing crystals, the plane surfaces within which 
they are contained are termed Faces. The lines formed by the 
meeting of two places are termed edges, and where there are 
two or more edges, uniting to form a point, they produce a solid 
angle. A line joining the opposite angles of any parallelogram 

FiK- 877. as in the upper face of the crystal. Fig. 577, 
is called the diagonal of that plane. The 
axis of a crystal is an imaginary line passing 
through a -solid, and uniting in general two 
^pposite solid angles. 



•fJHAP. VIII.— TESTING WITH FLAT GLASS. 


3023. Practical chemists have long been familiar with the 
method of operating with very minute quantities in test opera- 
tions, and the same mode which they have employed in their 
analytical investigations may also be fllopted as a powerful 
means of enabling the student to become familiar with chemical 
action, as thousands of experiments may thus be performed at 
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the most trifling cost, and with an apparatus so simple, that it 
may be said to be within the reach of every one. All that is 
required is a selection of chemicals, such as has been described 
in pages 774, 775, and a number of slips of glass, which can ( 
be procured at any glaziers. With these the sthdent can 
boil, filter, crystallize, precipitate mixtures, and imitate some 
furnace operations, with the assistance of a lamp or candle, and 
the pointed glass. In some particular cases, he*may even col- 
lect condensible vapours and test them, by heating a portion of 
any materials that produce them, and approaching for one or two 
seconds, after the slip has been removed from the heat, anotlief 
broad and cold slip as near as possible to the heated mass, with- 
out actually touching it. 

3024. It should be particularly remembered, in testing with 
slips of flat glass, that the great object is to produce an effect 
with the materials used that may be distinct and palpable, and 
that small quantities are sufficient for this purpose. A portion 
of a solid, about the size of a pin’s head, will generally be found 
sufficient for a number of experiments. When large quantities 
are used, the heat of the lamp may not be powerful enough to 
affect them, nor, in general, can the flat glass hold a sufficient 
amount of water, or of other fluids, for the solution of solids, if 
the quantity be' considerable. 

3025. The following brief illustrations of the use of flat glass 
was drawn up for the use of those who wished to operate*at home, 
and had no time nor apparatus for experimenting in the usual 
manner. It has been copied into" different works on chemistry, 
and should be studied carefully by all who pjbpose tq experiment 
frequently, even though they may have abundance of .ordinary 
apparatus, as there is no way in which preliminary test experi- 
ments can be performed so rapidly as with slips of glass. 

3026. Solution, Broafl slips of the size seen in Figs. 5T8 and 
579, or twice the length and breafZth*sc£n there, are best adapted 

Fijr. 57& 
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for this purpose. iThey are held by one extremity ; and a mi- 
nute quantity of the* substance to be dissolved, about the size of 
a mustard seed, is placed at the other, which may be increased 
according to its solubility, covering it at first with eight or ten 
drops of fhe liquid used for solution. 

3027. Boiling Liquids. Slips of the same size as Fig. 578 
may be employed, but they ought to be selected as thin as pos- 
sible. Those which are abovft the twentieth of 'an incli in thick- 
ness do well. r l he part heated should be covered for the length 
of an inch or two with the liquid to be evaporated. Tim slip 
‘may be placed before the fire, in a current of warm air, or one 
or two inches above the flame of a very small lamp or candle. 

3028. Crystallization. Solutions to be crystallized may 
be spread over the greater part of the glass, and left to evapo- 
rate spontaneously, or concentrated by heating, removing the 
slip from the heat the moment any solid appears on the edges. 
If the heat be continued fonger, a confused mass is generally 
observed instead of crystals. Fig. 578 represents the appear- 
ance frequently seen where small needle-like crystals are pro- 
duced. Glauber salts (sulphate of soda), oxalic acid, muriate of 
strontia, and bichloride of mercury, give solutions which crystal- 
lize with great facility. 

3029. If the solution be evaporated incautiously, it soon be- 
comes dry, and no crystals appear. It is desirable in general to 
evaporate, till, on cooling for a short time, traces of crystalliza- 
tion may be seen, as in Fig. 580. 


Fit?. 3H0. 



30SG. Filtration. When a solution is turbid, from the ad- 
Fig. 581. mixture # of solid matter, it should be collected at 



one extremity. A small tapered piece of bibu- 
lous, or filtering paper, is then placed next it, as 
in Fig. 579 f when the fluid in general passes 
along, and a drop of clear fluid is obtained at the 
pointed extremity of the •paper. The glass slip 
should be gently inclined, and more water or 


otiier solvent should be added, if there be not enough to moisten 
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the paper. When the solution does not filter readily in this 
manner, a square piece of paper may be folded in two, this being 
again repeated, so that, on opening it in the manner seen in Fig. 
581, the fluid may be poured into it as it rests on the side of the 
flat glass. • 

These slips, or the narrow slip, may also be used for Preci- 
pitation. See 3031. 

3031. ' Slips ’for Testing, Stirring, and Lifting fluids. 
These are made of the form and size shewn in Fig. 582. Dipped 
Fig. m into any solution, a por- 

tion adheres to the ex- 
tremity. It may then 
be divided into many small pqrtions, upon a broad slip of glass 
or paper, by touching it with the end of the slip to which the 
fluid adheres. The narrow slips being cleaned in a basin of 
water, may then be dipped into any tests, and applied to each 
separate portion distributed over tlSb glass or paper, as in Fig. 
583. 

Fig. 583. 
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3032. A solution, from which a clear fluid is escaping during 
filtration, is often made to deposit successive drops upon a slip 

of glass, the filter being held between 
the fort-finger and thumb, so that it 
can be brought qmckly in contact with 
jl smccessive parts of thfe glass, as in 
Fig. 584. • 

3033. For Fusion and Decomposition, the broad slips may 

be employed where an ’intense heat is not required. * In exa- 
mining the effect of heat whereat more elevated temperature is 
necessary, the narrow slip should be employed, and no more 
taken up than can be lifted by the point, the quantity not ex- 
ceeding in bulk the head of a small pin. Practise experiments 
of this kind with acetate of lead, red lead, sulphate of copper, 
sulphate of iron, nitrate of silver, terchloride of gold, and any 
other substances, the effect of heat upon which has already been 
described. • 
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8034. In experimenting with borax and metallic oxides or 
other substances, heat the pointed extremity for half a minute, 
dip it instantly into powdered borax, a portion of which imme- 
, diately adheres ; it is then brought in contact with the substance 
to be fused along with it, moistening it, if this be necessary, to 
make a little adhere. The material is usually heated in the 
flame of a lamp or candle. In the outer flame hot air acts upon 
it, but in the inner flame it is subjected to the action of hot car- 


bon and hydrogen. Between these is the point of greatest heat. 

3035. In testing metals which give coloured precipitates, 
paper is often used instead of flat glass. 

3036. 'Wherever a very minute quantity of material is to be 


Fig. 585. 



Fig. 586. 



mi^ed with one or more tests, they 
should be brought to act upon it 
in small successive portions. The 
annexed figures (586 and 586) 
represent three drops of different 
liquids brought to act upon each 


other in this manner, the original drops, a be, being gradually ex- 


tended by a slip of glass till they come in contact. 
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PART IY. 

CHEMICAL ANALYSIS. 

CHAP. I. 

3037. Chemical Analysis is the investigation of the* nature 
and properties of bodies, so # as to determine their composition. 
It is called Qualitative when the object is merely to ascertain the 
nature of the materials in the substance examined ; and Quanti- 
tative when their relative weights have also to be determined. 
Qualitative analysis must always precede Quantitative analysis, 
where the component parts are not already known, as, in gene- 
ral, no definite line of operations can be fixed upon with a given 
weight of materials till its composition is ascertained. Quanti- 
tative analysis requires much more time and delicacy of ma- 
nipulation than Qualitative analysis, which it necessarily in- 
cludes. 

3038. In Chemical analysis, all changes induced in the ma- 
terial examined are effected by the action of tests or re-agents, 
heat, electricity, light, magnetism, mechanical operations, and, 
in short, by all those arrangements that are resorted to for the 
production of chemical action, either conjointly or separately. 

3039. In conducting analytical operations, the subject of ex- 

periment is usually called the Assay, a term which is very 
convenient in practice, and which we shall accordingly continue 
to employ. # # 

3040. In some cases different ingredients may be separated 
from one and the same portion of the material examined. In 
others, it is desirable to divide the mass into smaller portions, 
one being set aside for each ingredient which may be presumed 
to be present, or for which it may be intended to search. 

3041. In most analytical operations, some opinion is neces- 
sarily formed as to the nature of the assay from i^s mere ap- 
pearance, which may lead at once to a specific investigation. 
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But where no special appearance is presented, the following pre- 
liminary investigation should be resorted to, using in each case 
at first a minute quantity of the assay, not exceeding in size a 
mustard-seed. It is scarcely necessary to remark that there 
are many •axceptions to the general rules which follow. 

3042. I. Subject the assay to heat, so as to ascertain if it be 
animal, vegetable, or mineral. 

a. TVIinehal Substances, excepting coal and other substances 
derived from it, amber and sulphur, are generally fixed and do 
not burn. 

5. Vegetable Matters generally blacken and burn. 

c. Animal substances generally blacken and burn with an 
odour of bone. 

3043. II. Examine it with water,' hot and cold ; ascertain if 
it be soluble by evaporating a drop of the water with which it 
has been heated after filtering it, should it not dissolve and dis- 
appear. 

3044. III. Examine its action with the test paper both be- 
fore and after heating it, mixing it with a little water, and as- 
certain if it be acid, alkaline, or neutral. 

a. Some salts, neutral at first, may lose their base after heat- 
ing, as phosphate of ammonia, from which ammonia is expelled, 
while phosphoric acid remains. 

b. Others, as carbonate of lime, lose their acid and become 
alkaline. * 

c. Salts of organic acids and fixed alkalis or alkaline earths 
become alkaline, though neutral at first, the organic acid being 
decomposed f and generally presenting carbon. 

d. Common metallic salts with vegetable acids, usually libe- 
rate a portion of the metallic base, a& acetates of lead and cop- 
per, and if any fixed alkali be associated with them, as when 
tartrate* of antimony and potassa is decomposed, it may be indi- 
cated in the usual manner by the test paper. 

3045. IV. Subject the assay successively to the action of sul- 
phuric, nitric, and muriatic acids, concentrated at first, and then 
diluted ; let the aci<Js also be in each case cold and then heated. 
Mix it also with alcohol when the acid is in excess, and burn 
the alcohol, observing any change of tint. 

3046. V. c Treat it with an alkali, using the assay both solid 
and in solution, if it be soluble, and with, as well as without, 
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heat. Try it also, if it appear like an earthy solid, with the pla- 
tinum wire, Fig. 497, page 819, after mining it with carbonate 
of potassa, when a bead of silicated potassa is formed. Should 
it consist of or abound in sand — See Silica. 

3047. VI. Heat a larger portion of the assay with carbon to* 
bright redness in a crucible. All sulphates not decomposable 
by heat alone, become metallic sulphates when treated in this 
manner; and produce, when dcc(*mposed by watflr, a strong sul- 
phureous solution, which blackens lead. See page 232. On the 
small scale, the reduction of the sulphate may be effected in the 
inner flame of the blowpipe. Another mode consists in adding 
a small fragment of the suspected sulphate to a bead of clear 
and colourless silicated potassa; it becomes of a liver colour 
when the assay contains sulphur ; the silicated potassa may be 
made at the moment by mixing the assay with sand and carbo- 
nate of potassa, operating with the platinum wire. See Fig. 497, 
paragraph 2920. The effect of charcoal upon the oxides of the 
common metals is most easily and quickly observed when the 
charcoal support is used with the blowpipe flame. 

3048. Bodies not affected in any of the preceding modes are 
usually roasted with nitre, which communicates oxygen and po- 
tassa as it is heated. 

3049. The annexed figure (587) will assist the beginner in 

tracing the manner in which he may practise at first in any pre- • 
liminary investigation. • 

A (1) represents the assay which has been heated to redness, 
and may be afterwards tried successively with water, and test 
paper, acid, alkali, carbon, and nitre, as Shewn by 1 to 7 in- 
clusive. • 

a (8) a portion of A to be acted upon by watSr, and then ex- 
amined, as indicated by 9 to 15 inclusive. 

B (16) the assay acte'd on by water, but not heated previously 
as a was, the product to be tested in the same manner as a (17 
to 22). 

C (23), D (28), E (35), F (42), and 49, represent different 
portions of the assay to be mingled with the material at the 
head of the column in which they are placed, the product being 
subsequently tried with the others as the numbers indicate, which 
terminate the lines proceeding from each. 

3050. Such examinations may often be much extended in 
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preliminary practice, by subjecting a portion of a for example, 
after being heated and tried with water, to the action of acid, 
alkali, &c. Then another portion of a , after being acted upon 
by acid and alkali, may be treated with carbon and nitre, and 
so on successively. Farther, B, C, D, E, F, and G, tnight also 
be examined in the same extended manner, as when this is con- 
sidered desirable. 

3051. " Fig. 588 represents the result of a partial examination 
of a white acidulous powder, cream of tartar, a compound of tar- 
taric acid and potassa, which will assist the beginner in enter- 
ing upon examinations of this kind. From this figure he will 
observe that it is 

I. Inflamed and blackened J)y heat. 

Sparingly soluble in water.* 

Has an acid reaction on the test paper. 

Presents no apparent change with muriatic acid. 

Is neutralized by an alkali. 

Shews the same result with carbon as with air when heated. 
Deflagrates with nitre. 

II. He will then notice, that, by the action of water, a black 
matter a may be separated by filtration from another substance 
in solution b, and that 

III. a (which consists of carbon) does not affect water, test 

paper, muriatic acid, alkalis or carbon, but deflagrates with nitre, 
producing a white fused mass (carbonate of potassa)*which re- 
mains unchanged by carbon and alkalis, but effervesces with acid, 
is alkaline in its action on the test paper, dissolved by water, 
and fused by heat. Lastly, * 

IV. 5 is soluble in water, alkaline, and effervesces with or 
neutralizes acids, being carbonate of potassa, similar to that 
formed by carbon with the nitre. • 

3052. Again, in making sketches, such as are represented, till 
he is familiar with the method making rapidly such prelimi- 
nary examinations as may be required, the beginner will find it 
useful to draw up short diagrams, in which he may condense 
those memoranda which it may be important for him to re- 
member in each particular case. Thus, in Fig. 589, a scheme 
is given in which any substance has been heated, dissolved, and 
then portions of the solution tried successively with test-paper, 
acid, heat, alkali, and water ; after this, another portion^ has 
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been acted upon by acid, then dissolved in water, and a portion 
of the solution examined by heat, test-paper, alkali, carbon, and 
nitre, while ' another part of the solid compound produced by the 
acid is also subjected to the action^of alkali, carbon, and nitre. 
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3053. Sand, chalk, sulphate of iron, charcoal, nitre, carbonate 
of potassa, sulphuric, nitric, and muriatic acids, sulphur, acetate 
of lead, tartar emetic, arsenious acid, gum, and sugar, will be 
found to present the more important phenomena, and in suffi- # 
cient variety to enable the student to see more distinctly, after 
some little practice with them, the mode of proceeding in preli- 
minary investigations. 


. CHAP. II.— ACIDIMETRY AND ALKALIMETRY. 


3054. The method of ascertaining the exact quantity of free 

acid or alkali in a given weight of any solution or mixture of 
solid substances, is a subject of great importance, as it not only 
enables us to^determine their value in a commercial point of 
view, but also to adjust the quantities of materials required for 
different processes and experiments. The strength, indeed, of 
every acid and alkaline solution used for chemical experiments 
should be known, and it will be found to save a great deal of 
time, if the solutions that are employed are always prepared of 
the same strength. * 

3055. To ascertain the strength of any acid, an operation 
that is now termed Acidimktry, all that is necessary, is to 
take a given weight of an alkali, and see what quantity it can 
neutralize. Thus, if we wish to ascertain how much real sul- 
phuric acid there is in a given weight of diluted sulphuric acid, 
we have only to take a given quantity o£ an alkali, or alkaline 
carbonate, that of potassa'for example, and ascertain what weight 
of the acid liquid is required to neutralize it ; and as it is known 
that 40.1 parts of sulphuric acid neutralize exactly 47.2 of po- 
tassa, we must allow 40.1 parts of acid for every 47.2 bf potassa 
neutralized. If carbonate of potassa be employed, then every 
69.32 parts neutralized indicate the presence of 40.1 of acid, 
containing exactly 47.2 of potassa. 

3056. For example, suppose 69.32 grains of the carbonate 
of potassa are dissolved in water, and we find that it requires 
exactly 160 grains of diluted sulphuric acid to neutralize it ; 
then these 160 grains must have contained exactly 40.1 of 
dry sulphuric acid, or 25.065 per cent. ; consequently, in all 
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experiments where a given weight of acid is required, we must 
take very nearly fourt times its weight of this diluted acid, to 
have the proper quantity. 

3057. In the same manner, we may easily ascertain the 
quantity of real acid in most other strong or diluted acid 
liquids ; 47.2 parts of real potassa (or 69.32 of the carbonate) 
indicating the presence of 54.2 of nitric acid, 36.5 of muriatic, 
and quantities r of other acids* represented by their respective 
equivalents, when they are capable of completely neutralizing 
potassa. 

3058. It must be obvious, that, on the same principle, we may 
ascertain the quantity of free alkali in any alkaline solid or 
liquid ; and the process for this puiyose has now received the 
name of Alkalimetry. Thus, if we should wish to ascertain 
the quantity of soda in a mixture of sulphate and carbonate of 
soda, the value of which depends principally on the quantity of 
carbonate of soda which it contains, we have only to dissolve it 
in water, and on neutralizing the liquid with a diluted acid of 
a given strength, we may easily calculate the quantity of free 
6oda which it contains. For example, if the solution of 100 
grains should require 80 grains of diluted sulphuric acid, con- 
taining 25.0626 per cent, of i^al acid to neutralize it, then they 
must have contained 15.75 grains of soda ; for 80 parts of the 
diluted acid contain 20.05 of real acid, and 40.1 of this acid 
neutralize 31.5 of soda ; but if 40.1 of sulphuric acid neutralize 
31.5 of soda, then half the quantity (20.05) will neutralize 15.75 
of this alkali. And farther, as 22.12 of carbonic acid are com- 
bined with 31.5 of Soda in the carbonate, this quantity of soda, 
15.75 parts, must have been combined with 11.06 carbonic acid. 

3059. On thfe same principle, the quantity of potassa in pearl 
ash and potashes may be ascertained, and of real ammonia in 
the water of ammonia, substituting the respective equivalents of 
these substances for that of sod''.. 

3060. For ascertaining when the neutralization is completed 
in these processes, nothing will be found more convenient than 
the blue infusion of cabbage, as a very slight excess of acid or 
alkali changes its colour to red or green. Test-papers, prepar- 
ed in the manner described in 545, may be used for the same 
purpose. 

3061. A pure carbonate of potassa may be easily prepared 
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for these experiments, by fusing the crystallized aqueous bicar- 
bonate in a platinum crucible. The best method of proceeding, 
is to pour it out on a clean iron plate after it has been kept in 
a state of fusion for five or ten minutes in a platinum crucible, 
putting a fragment of it into a small cup of water ^accurately 1 
equipoised in a balance, and ascertaining its weight by again 
counterbalancing the cup. The object of proceeding in this 
manner* is to prevent it gaining* any increase of weight by at- 
tracting water from the air, and both the cup and the water 
having been previously balanced, the additional weights required 
to ’bring the scales again to an equilibrium represent the exact 
weight of the fragment put into the water. 

3062. Instead of using the pure carbonate, the aqueous bicar- 
bonate is occasionally employed for the same purpose, and as 
every 100.44 parts contain 47.2 of potassa (see the Table of 
Equivalents), we must .allow 40.1 parts of sulphuric acid for 
every 100.44 parts of this salt which are neutralized. 

3063. The common crystallized carbonate of soda is occa- 

sionally used for the same purpose, but the quantity of water 
of crystallization in it is said to vary, sometimes containing 
10 and sometimes 11 equivalents of water, combined with one 
of the dry carbonate. It will be proper, therefore, when it is 
used, to expel all the water of crystallization which it contains 
by exposing it to a red heat, and use it in the form of a dry 
carbonate. •> 

3064. With respect to the method of estimating the quantity 

of the liquid employed in ascertaining the amount of acid 
or free* alkali in any solution, there are 4wo methods of pro- 
ceeding. » * * 

3065 I. By Measure. For this purpose, a4est-tube of the 
size represented, Fig. 590, containing^ 100 equal measures, or 
a vessel of the form seen in Fig. 591, but twice as Jugh, and 
proportionally larger, may be lysed. It may be graduated to 
any arbitrary scale, the measures being exactly equal. Such 
instruments are termed acidimetees when charged with al- 
kali for ascertaining the value of acids, and alkalimete&s 
when they are charged with acid for examining the strength of 
alkalis. They are usually charged with 100 measures of the 

-■«- Free or uncombined are terms which, when applied to acidp and alkalis, 
refer solely to such portions as are not neutralized. * 
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liquid used, which r is pi*, m. 
made of such a strength 
that on pouring out one, 
two, or more measures, 
one, or two, or more 
grains of acid or alkali 
shall have been used; 
where a very delicate 
examination is neces- 
sary, the test liquid is 
prepared so dilute that 
each measure shall con- 
tain only l-10th of a 
grain. 

3066. II. By Weight. 

When the test liquid is 
to be weighed, instead 
of being measured, take 
a small glass bottle or 
jar of a conical form, 
flat at the bottom and 
not very tall, that it 
may rest steadily upon 
one of the pans of a ba- 
lance, Fig. 592. Put 
into it a pipette with 
a very fine point, and 
some of the test liquid 
with which the strength 
of the alkaline solution 
is to be ascertained, and 
counterpoise this scale 

with weights, or shot ^ Jh ^ 1 ^ 

and sand. The ball of 

the pipette being filled with part of the test liquid, remove it 
carefully, and hold it over the solution to be neutralized in such 
a manner that the liquid shall drop out slowly ; the smallest por- 
tion can be added in this manner with facility, and on replacing 
the pipette after the neutralization of the liquid, the weights 
necessary to restore the former equilibrium indicate the quan- 
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tity of liquid employed, from which the strength of the solution 
may be calculated as before. , 


Examples in A cidimetry and Alkalimetry . 

3067. To prepare 400 grs. test acid containing* 10 per cent. 


of real sulphuric acid, boiled aqiteous acid must he used having 
specific gravity of 1.845. 

. Quantity of test acid required, 400 

Quantity of real sulphuric acid required, being 10 grains 

for each 100, ' 40 

Quantity of aqueous acid containing 40 of real acid, < 48.07 

• • 

From the amount of test acid required, . 400 

Subtract the aqueous acid to bo used, . 48.1)7 


351.03 

The remainder 351.03 expresses the amount of water required 
to produce when mingled with 48.97 grs. aqueous acid, the 100 
grs. of diluted test acid containing 10 per cent, of real acid. 

3068. Where many experiments are to he performed, a con- 
siderable quantity, as two or three beer bottles, of test acid should 
be prepared at once, and reserved for experiments as it may be 
required. 

3069. II. Required the per-ccntage of free potaspa in 100 
grs. of pearl ash, using the above acid. 

1. Dissolve the soluble matter pf the pearl ash in water, wash 
any residuum by pouring water on it, after placing it on a filter, 
till no more alkali is obtained, and mix all 4he washings. 

2. Add vegetable blue which becomes green. * 

3. Add small successive quantities of the test acid previously 
balanced as described, till the alkaline solution is neutralized, 
recollecting that any error from a slight excess of acid is more 
easily checked than an error on the other side, as the eye can 
more readily distinguish between a blue and bluisli-red, than 
between a blue and a bluish-green. 

4. Ascertain the quantity of test acid used by examining the 
weights required to restore the equilibrium. Let us suppose 
that 200 grains were used. These contained 20 of real acid ; 
but 40.1 of real acid neutralize 47.2 of potassa ; and 

40.1 : 47.2 : : 20 : 23.54 



8(30 


ACUDLMETIIY AND ALKALIMETRY. 


23.54 grs. accordingly express the quantity of real potassa in 
the 100 grs. tried ; the pearl ash must therefore have been very 
impure, containing far less free potassa than a good specimen 
presents. 

3070. £n the same manner, the value of any solution of soda 
or ammonia may be ascertained, taking care to substitute the 
equivalent numbers of soda and ammonia for that of potassa in 
making the necessary calculations. 

3071. III. 150 grains of the same test acid neutralized the 
soluble matter procured as above from 100 grs. of kelp. How 
much soda did they contain ? 

15 grs. of real acid were contained in the 150 used ; but 40.1 
of real acid neutralizes 31.5 of spda, therefore, 100 grains tried 
contained 11.78 grs. soda ; 

40.1 : 31.5 : : 15 : 11.78 

3072. IV. In estimating the value of a carbonate, the amount 
of alkali may in the first place be ascertained, and an equivalent 
proportion of carbonic acid added to it, the sum indicating the 
total amount of carbonate. 

3073. V. When the acidimeter is used, test acid containing 
1 grain in each measure may be prepared by pouring into it 
122.4 grs. of aqueous acid, and then adding water till 100 mea- 
sures are procured. If in any experiment with potassa 20 such 
measures be required for neutralization, then the same quan- 
tity is indicated as in par. 3069, viz. 23.54 grs. 

3074. VI. Examine carefully the strength of a solution of po- 
tassa prepared by mixing 10 or 20 grains of fused potassa with 
100 of water. No\e its precise strength, and then find by ex- 
perimenting with a given quantity, using the pipette, as in par. 
3066, page 864, the number of grains required for neutralizing 
100 grains of the sulphuric, nitric, and muriatic acids in daily use 
in the'Taboratory. These acids should be diluted with twenty 
times their bulk of water before the vegetable blue is added, 
and then the alkaline solution may be supplied by the pipette. 

3075. When the common equitable blue solutions cannot be 
procured, test papers may be employed, taking out upon a very 
fine and pointed slip of glass, no more liquid than is absolutely 
necessary to render its action on*the paper visible. 

3076. When the acidimeter or alkalimeter is used, the li- 
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quid employed should always be at 
the same temperature at which it was 
made. In using the pipette and the 
balance, it is not necessary to attend 
to the temperature. 

3077. In measuring liquids it is of 
great* importance to attend to the 
line by which its weight in any mea- 
sure is estimated. If we look to a 
tub$ containing mercury, it is elevated 
in the centre, and only one line is ob- 
served as in Fig. 593. But if we ex- 
amine other fluids, as in Figs. 594 
and 595, two lines are distinctly seen ; 
the one gives a perspective view and 
the other a section of test-tubes with 
different liquids, and the lower line 
is preferred in such cases, as the up- 
per line represents the surface of a 
minute quantity of fluid drawn up 
the side by capillary action. 

CHAP. III.— APPARATUS FOR ANALYSIS 
1. Tests. 

• 

3079. For the greater nijmber of analytical experiments on 
minerals, very simple apparatus will be found sufficient. Tubes, 
flasks, and evaporating basins, bottles, precipitating glasses, fil- 
ters, funnels, pipettes, a. silver, a platinum, and porcelp^n cru- 
cible, each capable of containing from a quarter to half an ounce, 
small retorts and receivers, a balance, a pair of forceps, an agate 
mortar, and a strong spirit-lamp, constitute all that is necessary. 
A blowpipe and set of test-tubes are of great use, and the flat glass 
also may be advantageously employed in preliminary analysis. 

3080. A separate apparatus is also very desirable for the pre- 
paration of sulphureted hydrogen gas, which is much employed 
in analytical operations. It may be made of the form represented 
in Figure 473, page 7$5. 


Fie/ 593. Fig*. 594. 595. 
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3081. The four preceding figures represent the usual disposi- 
tion of apparatus employed in preparing, drying, and transmit- 
ting gaseous substances over any subject of experiment, when 
the apparatus requires much care and attention. 

a represents bottles, flasks, or retojrts for producing the gas 
required ; 6, a long funnel for introducing acid in small suc- 
cessive quantities, or any other liquid that may be required ; 
r d, balls For intercepting any portion of fluid which may be me- 
chanically suspended in the gas escaping from the bottle ; g, the 
tube filled with fragments of chloride of calcium /or drying the 
gas ; f 9 caoutchouc connectors. 

3082. In Fig. 596. the gas is made to act upon L The assay 
is often placed in tubes as g . 

3083. Fig. 597 shews the arrangement adopted when the 
material is introduced into a ball, and heated by a spirit-lamp .v, 
as the gas passes over it. 

3084. Fig. 598 illustrates the arrangement adopted when a 
gas produced by the action of the assay, with the gas from a , is 
to be transmitted into water, a solution of potassa, or any other 
substance Gained in the bottle 2 . 

3085. i< ig*. 599 represents a still more complicated ar- Flff ' m ‘ 
rangement, in which the product obtained, as in the pre- ([= 
ceding figure, is subjected to still farther operations, 

by the materials introduced at s or L 

3086. A graduated tube is required in numerous ex- \ 
periments with gaseous substances, when mixed toge- 
ther, and detonated by the electric spark, as shewn in 
Fig. 359. Where the electric spark is not .required, or 

the mercurial trough sufficiently large, the tube u$ oftpn JM • 
made of the form seen in Fig. 600. C 

3087. In Fig. 601 a representa- rig. eoi. 

tion is given of the manner in which 

a platinum crucible may bo heated 

quickly to bright redness, where air „ j, 

from a pipe led from a bellows or 

from agasometer is made to impinge 

upon the flame with much force, I [ 

so as to consume a large quantity J L 

of gas. The crucible is suspended I I 

by a platinum wire from any convenient apparatus, as a retort- 
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stand. Care must be taken not to direct the pipe discharging 
the air so as to extinguish the flame from which the gas is 
supplied. 

3088. As to the materials which are necessary in analytical 
chemistry, there are few which cannot be brought into opera- 
tion in particular cases ; the following, however, are those that 
are generally employed, and therefore the beginner cannot too 
carefully test their action upon each other, so as to be certain 
when a complicated mixture is used, when they act upon the 
substance to Ije tested, and when, on the other hand, their in- 
dications are merely the result of their action with each other. 


Distilled Water, 

Sulphuric Acid, 

Nitric Acid, 

Muriatic Acid, 

Gallic Acid, 

Tartaric Acid, 

Potassa, 

Soda, 

Ammonia, 

Ferroprussiate of Potassa, 
Nitrate of Potassa, 

Iodide of Potassium, 

Borax, 

Phosphate of Soda, 

Oxalate of Ammonia, 
Hydrbsulpliuret of Ammonia, 
Muriate of Ammonia, 


Benzoate of Ammonia, 
Succinate of Ammonia, 
Charcoal, 

Iron, 

Copper, 

Zinc, Tin, 

Chlorine, 

Sulpliureted Hydrogen Gas, 
Alcohol, 

Test-papers, 

Sulphate of Iron, 

Acetate of Lead, 

Sulphate of Copper, 

Nitrate of Silver, 

Bichloride of Mercury, 
Bichloride of Platinum, 
Bichromate of Potassa. 


3089. In studying the action of all the preceding substances 
upon each pother, they should bo mixed in small successive 
quantities, one substance alone being mixed with another in 
the first instance, at natural temperatures, heat and water being 
applied afterwards according to circumstances. 

3090. In analytical chemistry it is a good general rule to 
presume that no test is pure, Lnless it has been carefully proved 
to be so. 

3091. Farther, all solutions that do not give any indication 
with the substances applied, should be examined when neu- 
tralized with much care, and also when rendered slightly acid 
or alkaline by any substance that does not cause a precipitate, 
and with various proportions of water. 
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CHAP. IV. 

INTRODUCTORY EXAMPLES ILLUSTRATIVE OF THE CHEMICAL 
ANALYSIS OF THE MORE IMPORTANT ELEMENTS AND 
THEIR COMPOUNDS. 

A key to these examples concludes this chapter . 

3092. In the following illustrations the great object has been 
to introduce the beginner to the general application of tests. 
They should be studied carefully, and continual reference be 
made to Part I. when any difficulty is presented, consulting the 
history of the tests employed, or of the substance he may be test- 
ing. The student is supposed in each case to have applied a 
variety of tests, and to have selected those that appear most 
important in reference to the assay ; and after having formed 
an opinion upon them, he should then turn to the key and ob- 
serve if he has been correct. Should it be desired to refer to 
any particular subject, the student should consult the key, and 
then examine the number of the subject desired. 

3093. I. Solid, yellow, fusible by heat, entirely volatilized by 

a higher temperature, and deposited in minute crystals resem- 
bling yellow flour. Burns with a blue flame producing a pun- 
gent odour, very fluid, and like, amber if barely molted ; thick 
and viscid before it is volatilized, and of, a very deep colour. 
Heat applied principally ip a test tube. * • 

3094. II. An oily looking fluid corrodes the test paper after 
reddening it, dissipated with dense white and very acrid fumes 
at a high temperature* evolves heat* on mixing with # water ; 
gives a copious white precipitate with nitrate of baryta and ace- 
tate of lead'insoluble in nitric acid ; sp. gr. 1.845 ; 49.1 grains 
neutralize 472 of real potassa. 

3095. III. A neutral solution, salts of lead and baryta give 

white precipitates insoluble in nitric acid • evaporated to dry- 
ness, mixed with chhrcoal and exposed to a red heat in a cru- 
cible, a highly sulphureous compound is procured, soluble in 
water, and blackening lead. * , 

3096. IV. A liquid, transparent and colourless, pungent sul- 
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pliureous odour discharges the colour of cabbage, though a red 
tint may be induced in the colourless liquid by aqueous sulphu- 
ric acid, or green by an excess of alkali. Combines with alka- 
lis, producing crystallizable salts which are decomposed with 
rapid effervescence by strong acids. 

3097. A liquid, transparent and colourless, but depositing a 
sediment or becoming turbid on exposure to the air ; odour, of- 
fensive and sulphureous, disappearing on exposure to air and 
quickly lost on boiling ; reddens litmus, the colour being restored 
or blanched on boiling. Blackens salts of lead. 

3098. VI. Solid, soluble in water, acid, not volatilized by heat, 
throws down from its watery solution, more especially when 
neutralized by an alkali, a yellow precipitate with nitrate of sil- 
ver, and a white with acetate of lead ; both precipitates being 
soluble in nitric acid. 

3099. VII. Black, with considerable lustre, solid, not con- 
sumed with facility by heat and air, disappears with deflagra- 
tion when reduced to powder and heated with nitre in a green 
glass tube, a white mass being left, highly alkaline, effervescing 
with acids, soluble in water, the solution precipitating lime 
water. 

3100. VIII. Expose 100 grains of several different kinds of 

coal to the action of a red heat in a crucible, and to the air, till 
all the carbonaceous matter is consumed, weigh the residuum, 
and estimate, by subtracting it from the materials originally 
used, the amount of inflammable matter each may have con- 
tained. • 

3101. IX." Take 200 grains of canncl coal, termed also parrot 
coal ; heat it to redness in an iron bottle, collecting the gas that 
is disengaged at a pneumatic trough, and examine its quality 
from time to time, trying more particularly the flame with which 
it burns, and its specific gravity. 

Proceed in the same manner with common coal, taking care 
to give it, as nearly as possible, the same degree of heat, which 
need not exceed a bright red. 

3102. X. Try thd specific' gravity of the cannel coal and of 
the common coal. See Specific Gravity. 

3103. XI. Take 200 grains of coal, exposed previous^ in a 
dry i situation, and compare the quantity and quality of gas 
evolved by it compared with that from an equal quantity of the 
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same coal, taken from a situation in which it lias been exposed 
to moisture. , 

3104. XII. Solid, acid, dissipated by heat, effervesces with 
carbonates, almost acrid taste, reddens vegetable blue, gives car- 
bonic oxide and carbonic acid when heated in a retort with 
aqueous sulphuric acid, soluble in Water and alcohol. When 
cautiously heated, produces a vapour extremely prone to crystal- 
lize as it condenses ; the solution 'precipitates lime water. 

3105. XIII. Liquid reddens litmus, the red tint disappearing 
on foiling, or long exposure to the air ; precipitates lime water, 
unless added in great excess to it ; produces no black tint with 
solutions of lead. 

3106. XIV. White, crystalline, acid, fuses by licat.° Mixed 
with alcohol, a green tint is observed on inflaming it, though no 
copper can be traced on testing the solution by ferroprussiate of 
potass or ammonia. 

3107. XV. A liquid of a pungent and penetrating odour, blanches 
vegetable colouring matter, dissolves gold, and precipitates ni- 
trate of silver. The precipitate darkens on exposure to light. 

3108. XVI. Liquid, acid, fumes much on exposure to the air, 
does not dissolve gold, unless mixed with nitric acid. Nitrate 
of silver gives a copious curdy precipitate, darkening on expo- 
sure to light. 100 grains dissolve with effervescence 50.62 of 
carbonate of lime. What is the acid, and what is its ^strength ? 

3109. XVII. Liquid, acid, transparent and colourless, fuming, 

discharges dense ruddy fumes w^Jh iron and many other metals ; 
with morphia, a yellow tint is produced, followed by a deep red, 
which ultimately terminates in yellow. • • 

3110. XVIII. Liquid, faintly acidulous, but, becomes m<5re 
powerfully so on concentration ;«has no action on gold, but dis- 
solves it after the addition of muriatic acid. Neutralized by po- 
tassa, a salt is procured, which crystallizes in prisms, fuses 
when heated, deflagrates with paper or charcoal, and leaves a 
residuum highly alkaline (carbonate of potassa). 

3111. XIX. Solid, transparent, and colourless ; crystals thin 
and tabular ; fuse with facility when heated ; effervesces at a 
higher temperature; evolving oxygen rapidly ; deflagrates with 
charcoal ; leaves a residuum, which is quite neutral, soluble in 
water, and gives a copious curdy precipitate with nitrate o£ sil- 
ver. Mixed in minute quantity with muriatic or sulphuric acid 
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in a very strong test-tube, gas is evolved, which instantly inflames 
oil of turpentine, and generally with explosive violence, when 
the last acid is employed, contains potassa. 

3112. XX. Liquid, acid, coloured deeply by adding sulphuric 
acid or chlbrine, has no action on starch, but renders it blue 
when either the acid or the chlorine are added. Precipitated 
yellow by a solution of lead, scarlet by bichloride of mercury, 
greenish-yellow by nitrate of silver, and of a 'deep port wine 
colour by bichloride of platinum. 

3113. XXI. Solid, neutral, soluble in water, chlorine gas in- 
troduced into the solution gives a yellow colour to the solution, 
and. on distilling it a ruddy vapour is discharged, condensing 
into drops of a similar tint, so depp, T however, that they appear 
black by reflected light. These dissolve in water, and render 
starch yellow. 

3114. XXII. Liquid, highly acid and fuming, corrodes every 
kind of glass and earthen vessels ; heated in a leaden vessel 
with sand or glass, the silica is dissolved and a gas procured, 
from which the silica is again deposited on bringing the gas in 
contact with water. 

3115. XXIII. Solid, white, or colourless, insoluble in water, 
neutral, infusible by heat, but rendered soluble and alkaline by 
this agent, becoming highly luminous in the flame of the blow- 
pipe. The alkaline solution gives little or no precipitate with 
sulphuric acid, the sulphate being soluble, though sparingly. 
Soluble with effervescence in muriatic acid, the solution crys- 
tallizing with difficulty, on the small scale, and only when 
highly concentrated., Burning alcohol presents a dull reddish 
tint when muriatic acid is mixed with it, and oxalate of ammo- 
nia gives a copious precipitate.^ 

3116. XXIV. Presents* nearly the same phenomena as XXIII. 
but differs from it in the following respects. 

1. Dissolves more slowly in inuriatic acid. 

2. The muriatic solution after being completed and carefully 

neutralized, gives a precipitate when poured into lime- 
water. • # 

3. a. Precipitate by carbonate of ammonia added in excess 
to the muriatic solution, so as to render it highly alkaline. 
6. Filter the liquid acid. 
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c . Add phosphate of soda, a copious additional precipitate 
is now procured. # 

3117. XXV. Solid, white, neutral, effervesces rapidly with 
acids, loses carbonic acid and becomes alkaline at a red heat;^ 
but the alkaline indications are excessively feeble, unless a 
portion of the solid be freely mingled with the coloured solu- 
tion! Abundantly soluble in diluted sulphuric acid, the solution 
being precipitated by lime-water: 

3118. XXVI. Solid, white, deliquescent, highly alkaline, 
very soluble in water, effervesces with acids, the concentrated 
solution gives a copious precipitate with tartaric acid. The 
solid has little action with the blowpipe flame, thougli, under 
particular circumstances, a^viplet tint may be developed. 

3110. XXVII. Solid, white, decrepitates by heat, not affect- 
ed by sulphuric, nitric, or muriatic acids. Heated to redness 
with charcoal for a considerable time, it acquires a sulphureous 
odour, dissolves readily in water, produces a solution which has 
a still stronger sulphureous odour, and blackens lead. The 
solution also gives a white precipitate with alkaline carbonates, 
and a white precipitate with sulphuric acid and sulphates, which 
is insoluble in nitric or muriatic acid. 

3120. XXVIII. Solid, transparent, in cubical crystals, not af- 
fected by any ordinary reagent, except sulphuric acid, which 
produces rapidly when heated with it, after reducing it to pow- 
der, very dense and acrid fumes. If the mixture be made on 
a slip of glass, the glass is observed to be corroded after washing 
and drying it. The residuum, after expulsion of the fumes 
and heating it to redness, is found to be sqjuble in & large quan- 
tity of w T ater, and the solution gives a copious precipitate with 
oxalate of ammonia, and also with nitrate of baryta. 

3121. XXIX. Solid^ transparent, and colourless, undergoes 
the watery fusion, and then the dry fusion by heat, cfflbrcscent 
at natural temperatures, effervesces rapidly with sulphuric and 
other strong acids, carbonic acid being evolved. Soluble in 
water ; the solution is highly alkaline, and gives no precipitate 
with tartaric acid. In the blowpipe flame, a very marked yel- 
lowish-orange tint is produced 

3122. XXX. Solid, volatilized by heat. Mixed with potassa, 
soda, or lime, and gently heated , an alkaline gas* is evolved, 

which may he condensed in water ; solutions of copper give a 
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fine blue with this liquid. The solid is soluble in water, and 
the solution affords a, .copious precipitate with the nitrate of 
silver. m 

3123. XXXI. Solid, white, unaltered by heat, neutral and 
insoluble iif water, not affected by charcoal at a red heat, soluble 
in nitric and muriatic acid. Reduced to powder and mixed 
with sulphuric acid, so as to form a thick paste, much heilt is 
produced, and after digesting for a few hours, adding water 
from time to time and repeatedly stirring the mixture or grind- 
ing it in a mortar, it may be put on a filter, washing it till the 
water that passes through is no longer acid. 

3124. Take one part of the solution thus procured, (A), neu- 
tralize it with carbonate of soda, filter and test it, one portion 
with nitrate of silver and another with acetate of lead ; the silver 
gives a yellow and the lead a white precipitate. 

3125. Take another part of the solution (B), evaporate it till 
it becomes of a syrupy consistence, mix it intimately with char- 
coal, heat it to dryness, place a small portion of it, about the 
size of two or three large peas, in a very infusible glass tube 
coated with clay, and give it a red heat, the tube being so long 
as to allow of the open extremity projecting beyond the mouth 
of the furnace or chauffer in which it is heated. Examine par- 
ticularly the appearances presented as it is heated, and any de- 
posit that may be formed near the mouth of the tube. 

3126. A'gain, take a small portion of the solid remaining on 
the filter, boil it in water, and test the solution with oxalate of 
ammonia, and also with nitrate of baryta. 

3127. XXXII. Tqkc one hundred grains of any limestone, 
or of a soil known to contain carbonate of line, neither contain- 

FJg.602. ing, however, any other carbonate, and place 
them as at act , Fig. 602,. on one of the pans of a 
balance, a solution glass, flask, or phial, 0, be- 
ing placed in tne centre, after putting into it 
abundance of muriatic acid to dissolve all the 
hundred grains, should they consist of a pure 
carbonate of lime. The acid should be diluted 
with an equal bulk of water, and the mouth of 
the phial obstructed with a little cotton. Ha- 
ving balanced the whole by placing any thing, 
as shot and sand in the other pan, introduce the 
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usaay in small successive quantities into the acid, replacing the 
cotton that there may be no loss from any*little particles spirted 
up during the effervescence, Remove the acid from the balance 
till the whole shall have been introduced, then blow into it with* 
a pair of bellows that any carbonic acid floating above the liquid 
may be expelled, and restore it to the balance. The carbonic 
aci<J haying been expelled, weights must be added to restore the 
equilibrium, and these express the amount of carbonic acid dis- 
charged. Estimate from this the amount of pure carbonate of 
liyie in the hundred grains of limestone, marl, or soil, employed 
in this experiment. 

3128. XXXIII. Solid, white, neutral, insoluble in water, or 
with a slight tinge of green or brown, unaltered by a red heat. 
Heated to bright whiteness in a crucible, after surrounding it 
with charcoal to protect it from the sides of the crucible (or on 
ch’arcoal at the blowpipe, when it becomes intensely luminous), 
it becomes soluble in water, the solution is highly alkaline, gives 
a copious precipitate with sulphuric acid, and if the hot aqueous 
solution be concentrated, crystals are deposited on cooling. 
Without being heated, the solid dissolves with rapid effervescence 
in dilute muriatic acid, and the solution crystallizes with extreme 
facility, even though a very minute quantity be prepared on a 
slip of glass, the crystals present the general appearance repre- 
sented in Fig. 578, page 851. If alcohol be poured on the mu- 
riate and inflamed, it burns with a deep crimson colour ; or if a 
small portion be rubbed on the wick of a burning candle, it com- 
municates the same tint, which may be renewed after it disap- 
pears by adding a little water. 

3129. XXXIV. White, insipid and inert, tasteless, not* al- 
tered by heat, insoluble in water, soluble in acids, precipitated 
by alkalis and alkaline carbonates. Dissolved after precipita- 
tion by an excess of potassa, not soluble in an excess of ammo- 
nia. When boiled with sulphuric acid and potassa, a solution 
is formed which crystallizes with extreme facility, and gives 
oetohedral crystals. 

3130. XXXV. Sparingly soluble in water, the solution gives 
an insoluble precipitate with nitrate of baryta, insoluble in 
excess of nitric or muriatic acid. Oxalate of ammonia also gives 
a white precipitate. By carbon, heating the mixture to redness, 
a solid is obtained, sulphureous, soluble in water and alkaline. 
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3131. XXXVI. Solid, hard and gritty, or granular. Insoluble 
in sulphuric, nitric, or muriatic acids, affected by none except 
the fluoric. Fused with carbonate of potassa, an effervescence 

t appears, carbonic acid is discharged, and a bead of glass is ob- 
tained, soluble in water if much alkali shall have been employed 
to assist the fusion. The solution thus obtained affords a pre- 
cipitate on the addition of acids, but still more effectually on 
adding muriate of ammonia ; should the acid solutions not pro- 
duce any permanent precipitate, on evaporating to dryness, a 
solid will be procured, hard and gritty, insoluble in water, and 
from it any substance still mingled with it, may be separated by 
the action of water, or muriatic acid. 

3132. XXXVII. Solid, white,, insoluble in water. Diluted 
muriatic acid dissolves one-half with effervescence, and the rest 
is acted upon by the agents used in XXXVI, exactly in the 
same manner. The muriatic solution is precipitated copiously 
by oxalate of ammonia, carbonates of soda, potassa, and am- 
monia ; sulphates and sulphuric acid do not precipitate the 
muriatic solution, unless it be concentrated ; lime-water and 
ammonia do not affect the solution. 

3133. XXXVIII. Not affected by heats or acids, neutral, in- 
soluble, tasteless, charcoal and nitre present little or no action. 
Fused with the carbonate of potassa in a platinum crucible, it is 
rendered soluble in acids, and on digesting the residuum in mu- 
riatic acid', a solution is obtained which contains also the po- 
tassa employed. If it be now evaporated to dryness and heated 
to redness, one of the ingredients rendered insoluble and left, 
while the other substance is dissolved ; on examining the solu- 
tion, it will be found that a substance resembling an earth is 
precipitated and redissolved by an excess of alkali, and it may 
be entirely precipitated by using the acid m such quantity that 
the alkali' shall be barely neutralized. 

•3134. XXXIX. Digest in diluted muriatic acid. A solution 
is procured, and an insoluble residuum which presents the same 
characters as XXXVI. Ammonia added to the muriatic solu- 
tion precipitates an earthy locking substance, which is affected 
by tests in the same manner as XXXIV, and the solution that 
remains is similar to the muriatic solutions described in XXIII. 

3135. Xlc. Fused with bicarbonate of potassa in the plati- 
num crucible, to disintegrate the different earthy substances as- 
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sociated together, as other tests do not affect it readily, it Is then 
dissolved in muriatic acid, and evaporated .to dryness and heated, 
to harden and render insoluble any siliceous matter that might 
be present. The hard dry mass being subsequently digested in 
diluted muriatic acid, an insoluble solid A is left. The acidu- 
lated solution being mingled with muriate of ammonia, and an 
additional portion of this salt being formed on neutralizing with 
ammonia, a precipitate B is procured by adding an excess of 
ammonia. The filtered solution gives an additional precipitate 
C with oxalate of ammonia, and, after filtering again, another 
precipitate D is procured on adding phosphate of soda. 

3136. XLI. To estimate the amount of magnesia and dime 
in a pure magnesian limeston§, digest in dilute muriatic acid till 
all soluble matters are dissolved. Add cautiously to the solution 
a quantity of sulphuric acid equal to the magnesian limestone 
employed. Evaporate with extreme caution to dryness, and heat 
to redness, weighing carefully the amount of mixed sulphates of 
magnesia and lime thus obtained, the muriatic acid having been 
expelled. Reduce the mixed sulphates to powder, and triturate 
them in a mortar with a little cold water saturated with sulphate 
of lime. This solution dissolves the sulphate of magnesia from 
the mixed sulphates, but has no action on the sulphate of lime. 
On placing it on a filter, allow the sulphate of magnesia to sepa- 
rate in solution, and add from time to time a little more of the 
solution of sulphate of lime, till the washings shew tTiat all the 
magnesia has been removed, giving no precipitate with lime 
water. The filter must then be transferred to an evaporating 
basin, and all the solid sulphate of lime left^upon it removed from 
the paper, by blowing updn it some of the pure sulphate of lime 
solution. Then drain away all the adhering solution of sulphate 
of lime as much as jfossible, heat the dry solid to redness, and 
ascertain its weight. Deduct this from the total weighf <5f mixed 
sulphates to ascertain the weigl/t of sulphate of magnesia ; and, 
from the weight of the two sulphates thus procured, estimate the 
weight of the carbonates in the magnesian limestone employed. 

3137. XLII. Dissolve in muriatic acid, acidulated with a 
little nitric acid, a portion of clay iron-ore, after heating it for 
an hour in the open 'fire surrounded by fuel. Should there be 
any insoluble residuum after two or three digestions, fuse it in 
the platinum crucible with three times its weight of the bicar- 
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bonate of potash, dissolving the product in the same 1 acid a> at 
first ; and shouhl any solid remain undissolved after this and 
present a dark tint, fuse it with a little nitre to burn away char- 
coal, proceeding again with the residuum as before*, and mixing 
all the niflriatic solutions together. Let muriate of ammonia 
now be added to the solution, and then add caustic ammonia 
till all the iron is thrown down. Boil the precipitate in absolu- 
tion of caustic potassa, till aity alumina mixed with the preci- 
pitated oxide of iron shall have been dissolved. Digest tin* pre- 
cipitated oxide in muriatic acid mixed with a little nitric, and 
precipitate all the iron again by benzoate or succinate of am- 
monia;' wash the precipitate on a filter with ammonia, and ha- 
ving removed all the vegetable aqid^heat the residuum to a very 
dull red heat in a platinum crucible, and estimate the amount 
of metallic iron in the on* bv the amount of the peroxide thus 
procured. 

XLIII. Take several portions of the roasted metallic ore, and 
procure from 200 grains of each a button of metallic iron in the 
manner described under iron. 

8188. XLIV. Dissolve 50 grains of a limestone containing 
non, in muriatic acid mixed with a little nitric acid. Add am- 
monia to the solution to precipitate the iron, and estimate its 
weight after heating it with nitric acid to convert it into the 
peroxide. Precipitate the lime by oxalate of ammonia. 

8189. 5lLV. A metallic looking ore is soluble in nitromuri- 
atic acid, after being reduced to a fine powder and digested for 
some time in a strong acid mixture ; neutralize with ammonia, 
and add a large qiymtity of ammonia in excess. An ochry 
looking deposit. A, appears on the filter, and a deep blue-co- 
loured solution, B, passes into the receiver. Wash the preci- 
pitate A upon the filter *vith diluted ammonia till the washings 
come afvhy colourless, and dissolve it in diluted muriatic acid. 
The solution when tested, gi?cs black with gallic acid, blue 
with ferroprussiate, and red with sulphocyanate of potassa." Al- 
kalis give an ochry precipitate. 

3140. Let the solution B bn* neutralized with sulphuric, nitric, 
or muriatic acid. On testing it with metallic iron, it acquires 
a red metallic coating. Ferroprussiate of potassa gives a nut- 
brown precipitate, and arsenite of potassa a grass-green pre - 
cipitate. 
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3141. Heat another portion of the ore in a test-tube, and ob- 
serve the sulphur sublimed and condensed j>n the side. 

3142. XLVI. Metallic lustre, soluble in nitric acid, the so- 
lution precipitated by potassa added in great excess at 212°, 
gives a black compound A, and a transparent colon f less solu- 
tion 11. A gives a green tint at the. blowpipe flame, a red me- 
tallic •globule when heated on charcoal, and a deep blue solution 
with ammonia. •The solution 11 gives a white precipitate when 
neutralized by an acid. The precipitate is soluble in diluted 
acids, and also in solutions of potassa and of ammonia. Dissolved 
in acids, a white precipitate, with a tinge of green, is procured ' 
with ferroprussiate of potassa, and a white precipitate ’by $ul- 
plmroted hydrogen, or hydrosulphurct of ammonia. • 

3143. XLVI I. Deflagrates when heated on charcoal, leaving 
a .superficial coating of a white looking metal, which fuses into a 
brilliant globule if highly heated. Soluble in water, and gives a 
black precipitate with sulphurated hydrogen, a deep brick-red 
with chromate of potassa, a faint greenish-yellow (or white) with 
iodide of potassium, and brilliant metallic cry.siajg on adding 
copper in the metallic form. Ruddy vapours are evolved when 
it is heated sharply in a tube. 

3114. XI, VIII. Soluble in ether, by which it is separated 
from many other substances. A watery solution is precipitated 
yellow or scarlet by iodide of potassium, yellow by lime water, 
gray by muriate of the protoxide of tin, black by sulptmreted- 
hydrogen, white by nitrate of silver. The precipitate by the 
muriate of tin gives a distinct metallic-looking matter when dried 
and heated. * 

3145. L. Soluble in nitro*muriatic acid, and precipitated of ^ 
purple tint by muriate of tin ; precipitated entircly'(afteV expell- 
ing excess of acid by evaporating cautiously, and dissolving 
afterw ards in w ater the residuum thus procured) by a solution of 
given sulphate of iron. The precipitate is brown, and resembles 
more a metallic oxide than a nietal ; but, on closer examination, 
it is found to be metallic, and to require only a sufficient beat 
for fusion to enable it to present the metallic form. It then ap- 
pear* of a yellow colour. 



•H82 


KEY TO TIIK PRECEDING EXAMPLES. 


Key t/> the preceding Examples. 

I. Sulphur. Had there been any water mixed with it, as in 
white sul j ill ur, it would have appeared on the sides of the tube. 
Any earthy impurity woukl not have been volatilized. 

II. Auukous sulphuric acid, consisting of one eq. water and 

one eq. acid. • 

III. A solution of fixed alkaline sulphate — See Decomp. 
^ °f Sulphate of Potassa by Carbon, Part I. Earthy sulphates ; 

do not fuse when heated. Sulphates of the common metals 
usually lose their sulphuric acid, and never leave a sulphuret 
soluble In water alone. 

IV. A solution of sulphurous acid in water. 

V. A mineral water containing sijlpiiujikted hydrogen. 

VI. Phosphoric Acid. If mixed with charcoal, and heated 
in a tube, phosphorus would he evolved. 

VII. Car won from coke, difficult of combustion. All carbo- 
naceous eonqioinids may he tested in the same manner, and espe - 
cially all black crusts suspected to contain carbon, and separated 
from products obtained from the animal, vegetable, or mineral 
kingdoms, by the application of heat. Any insoluble, earthy, 
or metallic matter, is left after the deflagration of the carbon, 
which produces carbonate of potassa as it deflagrates with the 
nitre. 

VIII. The larger the quantity of earthy residuum the less 
valuable the coal. 

IX. Thy quality; of gas, and also the quantity disengaged 
from different kinds of coal, is extremely various. The eannel 
coal gives the best gas, hut many others give a larger quantity. 
The higher the specific gravity of the gas evolved, providing it 
be not ‘loaded with carbonic acid, the richer its illuminating 
power. The best gas appears when the heat is raised to redness ; 
but, after a prolonged discharge, the gas evolved contains much 
less carbon, and is largely mingled with pure hydrogen. 

X. The less the,specific gravity of coal, the richer in general 
is the gits which it evolves in carbon. 

XI. When coal is charged with much moisture, the gas 
evolved i$ inferior in quality to that produced with dry coal. 

4 XII. Oxalic acid. 
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XIII. Carbonic acid water. 

XIV. Boraeic acid. 

XV. Chlorine water. 

XVI. Common aqueous hydrochloric acid, containing 36.5 ol 

real acid. • 

XVII. Common aqueous nitric acid. It docs not dissolve 
('old* unless muriatic acid be mixed with it. 

XVin. Diluted nitric acid. • 

XIX. Chlorate of potassa. 

XX. Solution of liydriodie acid in water. 

Xxi. A soluble bromide. 

XXII. Hydrofluoric acid. 

XXIII. Carbonate of lime. 

< * 

XXIV. Magnesian limestone, consisting; of carbonate of mag- 
nesia and carbonate of lime. 

XXV. Carbonate of magnesia. 

XXVI. Carbonate of potassa. 

XXVII. Sulphate of baryta. 

XXVIII. Fluoride of calcium. 

XXIX. Common carbonate of soda. 

XXX. Muriate of ammonia, or sal-ammonia. 

XXXI. Phosphate of lime. 

XXXII. When 22.12 grains of carbonic acid are lost, the 
100 grains must have contained 50.02 of carbonate of lime. 
22.12 being the equivalent for carbonic acid, and 28.3 the equi- 
valent for lime. Had 11.6 grains of carbonic acid gas only 
been lo*t, then, according to tfiu preceding proportion, 25.31 
grains only of carbonate of lime could have beei^ contained in 
the 100 grains examined, hs 

22.12: 50.62:: 11.00: 25.31. 

XXXIII. Carbonate of strontia. 

XXXIV. Alumina. 

XXXV. Sulphate of lime. 

XXXVI. Silica. 

XXXVII. Silica and carbonate of lime. 

XXXVIII. Silica and alumimg 

XXXIX. Silica, alumina, and lime. 

XL. Silica, alumina, lime, and magnesia. 

XLI. Each equivalent, 68.6 grains of sulphate of lime, in- 
dicate 50.62 of the carbonate; and in the same manner •each 
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equivalent, or 60.8 of sulphate of magnesia, indicate 42.82 ot the 
carbonate of magnesia. 

XLII. The peroxide of iron is termed more specifically a 
terdinoxido, and 80 grains indicate 56 of metallic! iron. 

XLII 1.* The iron is not extracted so completely by reduc- 
tion in the crucible as by*the preceding process. It is desir- 
able, however, in the examination of ores of iron, to ascertain 
the amount that can be obtained according to either process. 

XL1V. The iron may In* estimated as in XIJV. and the 
oxalate of lime may be heated to 100, when it retains two eqs. 
of water, 82.74 indicating 28.5 of linn*, or 50.62 of carbonate. 
If tlwc oxalate be heated to redness, it is converted entirely into 
carbonate of lime, carbonic oxide, being evolved. If it should 
be desired to reduce it to carbonate, and to estimate the amount 
of lime in this manner, cure should be taken not to heat beyond 
dull redness ; and it is better to moisten it with a solution of 
carbonate of ammonia, that it may be thoroughly charged with 
carbonic acid, any excess being expelled by beat. 

XLV. The ore contains iron and copper combined with sul 
phur. 

XL VI. An alloy of zinc and copper (brass). 

XLVIT. Nitrate of silver. 

XLIX. Bichloride of mercury. 

L. Gold. 


3146. From these pxamples, it is expected that the student 
will find no difficulty in selecting others, with which he may 
proceed in the application of tests, till he shall have included all 
the more important elements or compounds described in Part I. 

3147. * In examining organic substances, or bodies containing 
them, or any debris abounding ^n carbonaceous compounds, be 
will recollect that by long heat in the open air, and still more 
quickly by nitre or chlorate of potassa, they can all be decom- 
posed. 

3148. Again, in testing diluted solutions or mineral waters, 
they often require to be concentrated to a great degree before 
the tests act with effect, but heat, on the other hand, dissipates 
some of the ingredients for which they are prized. 
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Acidulous Mineral Waters abound in carbonic acid gas. 

Sulphurous Mineral Water usually. contain sulphur in the 
form of sulpliureted hydrogen. 

Saline Mineral Waters contain principally sulphates am^ 
muriates of lime, soda, and magnesia. Iodides aifd bromides 
have also been detected. • 

Chalybeate Mineral Waters abound in iron. 

3149. Lastly, it ought to be particularly recollected that there 
is no agent employed in producing chemical actions, which may 
not at times also be advantageously employed in chemical ana- 
lysis. Electricity, in particular, appears to be an agent of this 
kind, and the great success of Davy, Faraday, and ftccipierel 
amply attest its importance., Mr Roberts has lately proposed 
to introduce a galvanic arrangement for analyzing ores of copper, 
and there is every reason to believe that its practical applications 
will he greatly increased. 


CHAP. VI. — BRIEF NOTICE OF THE ANALYSIS OF 
ORGANIC SUBSTANCES. 

3150. The analysis of organic substances is the determination 
of the nature and proportions of the elements contained in the 
various proximate principles derived from the animaf and vege- 
table kingdoms. Till Gay-Lussac and Thcnard directed their 
attention to this subject, little progress was made, and tfioir 
process, as modified by Berzelius, consisted essentially in con- 
verting all the carbon info carbonic acid, all the hydrogen into 
water, and estimating by indirect methods the amount of oxygen 
The nitrogen was estimated by separating it from all the other 
substances, and examining its volume 1 . For these pm^foses, the 
chlorate of potassa was employed? which gave the oxygen required. 
The hydrogen and carbon were not estimated in a pure form, 
their proportions being ascertained more easily and more accu- 
rately by calculating them from the amount of water and car- 
bonic acid which they formed. The weight of the hydrogen and 
carbon (and nitrogen also when it was present) having been 
ascertained, these are usually deducted from the tofcal weight of 
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the substance employed, the remainder indicating tlie amount 
of oxygen. • 

3151. It is scarcely necessary to remark, that when the vege- 
table or animal substance contains any saline, earthy, or metallic 
ingredients* these must be sought for by different processes, and 
their respective weights ascertained apart from the examination 
for the four elements which have been mentioned. 

3152. To prevent the action' of the chlorate of potas'sa from 
being too rapid, it was mixed with common salt, hut the substi- 
tution of oxide of copper was soon found to be a great improve- 
ment, and it and the chromate of lead may now he said to have 
superseded the use of the chlorate. 

3153. One of the first objects that requires attention, is tin* 
preparation of the substance to be analyzed in the highest, de- 
gree of puritv, and tree from water. Organic bodies absorb 
moisture; rapid I \ from the air. The mode of obtaining them 
will depend' greatly upon their source, the various properties 
they may present, and the materials with which they may be 
associated. As to the removal of the water, that is usually ef- 
fected by placing the assay in any convenient apparatus, and 

» subjecting it to the action of a stream of warm air, till tin* 
moisture is taken up, tin 1 air being heated in a sand-bath or 
water-bath, in which it may be raised to anv temperature, ac- 
cording to circumstances. The apparatus. Tig. 320, page t»08. 
illustrates the mode of proceeding ; the assay being placed in 
/; and boated by sand or water, saline solutions, or mercury. 

3154. If any portion of the* assay, from which water shall 
have boon removed yi the above manner, be placed in a small 
test-tube, jand heated by a spirit-lamp, as far as can be done 
without decomposition, moisture will be discharged, and con- 
dense upon the sides shoftld it not have been thoroughly dried. 
In this fase, it must he returned to/, and the heat continued for 
a longer period. Hut if it. doliot lose w eight when heated in 
w ater, a bath capable of sustaining a more elevated temperature 
must he substituted for tlie water. 

3155. When water. is retained with great avidity by the assay, 
it is necessary to exhaust the air by a syringe, and then introduce 
fresh air, exhausting it from time to time, and taking care to 
promote tl» evaporation in vacuo by assisting it with :i high 
temperature. 
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3156. The minute details requiring attention in organic ana- 
lysis are rather complicated, but have now been pointed put with 
much precision and accuracy by Liebig, from whose writings 
the following brief illustrations are taken : as, however, in this 
elementary work, it is not proposed to enter into thcge details, 
but rather to illustrate the general principles of the process, 
those .who may wish to study the varied details are referred to 
the French translations of Liebig'.s analysis, edited by Jourdan 
and Rnspail, or to the English translation announced by Dr 
Oregon . 

3157. The tube in which the materials are mingled with the 
oxide of copper is usually termed the combustion 'Subr. and 
must consist of glass free from oxide of lead. The materials 
being well mixed with oxide of copper, a portion of the oxide is 
introduced into the closed end of the tube, the mixture succeeds 
it, and then another portion of oxide of copper. The tube is heated 
at different places successively, and all the products of the action 
made to come in contact with chloride of calcium dn a small 



tube, and subsequently with caustic potaxsa. Fig. 603 repre- 
sents the general disposition of the apparatus .after* tin* hdht 
has been withdrawn, and an addition made to each extremity of 
the apparatus, viz. h and B, so as to obtain a correct estimate 
of any watery vapour or carboni^ acid gas that may have been 
left in the tube, for when air is sucked through B, fresh air (ni- 
ters the tube h. and pushes before it the moisture and carbonic 
acid, so that the former is condensed by the chloride of calcium 
in b, and the latter by the potassa’iu m, along with those por- 
tions discharged (luring the direct application of heat. The 
tubes containing the chloride of calcium and the caustic potassa 
are weighed with extreme accuracy before they are attach ejJ. 
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3158. The tune em- 
ployed for the con- 
pensation of the car- 
bonic acid by the po- 
tassa is ivade of the 
form .shewn in the an- 
nexed Til*;. (104, the 
same letters •corres- 
ponding with tin; alti- 
tude of the liquid in 
the apparatus employ- 
ed according to the 
progressed* the expe- 
riment. It is usually 
made of wide and nar- 
row tubes soldered 
together, and subse- 
quently expanded at 
different places into 
balls so as to admit of 
the most perfect con- 
tact of the carbonic 
acid gas with the li- 
quid employed to con- 
dense it. • The gene- 
ral nature of the process adopted in preparing it may be traced 
by observing the appearance Vvolved in the successive tubes 
seen in Tig. G05, before it is bent. In Tig. GOG it is represent- 
ed before the tubular 0 portions at the Extremity have been bent. 

3150. To lilt it with the solution of caustic potassa, one ex- 
tremity is introduced iirfo any eup (a) containing the potassa 
solution*?# and to the other a tube with a ball is attached, so that 
when the air is sucked out by ^ the potassa enters. Tig. G07. 

31 GO. To estimate the amount of nitrogen a variety of modes 
have been suggested, blit it is generally directly estimated, se 
parating it from all'substances that may have been previously as- 
sociated with it. Tig. GOO shews the arrangement adopted when 
the nitrogen is to be collected in a receiver or mercurial jar 
mixed with carbonic acid gas. Tig. G08 points out more parti- 
cularly the varied materials that are introduced into a combus- 
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tion tube where the amount of nitrogen is to he ascertained. 
Hydrate of lime occupies the closed extremity, and is succeeded 
by oxide of copper, the mixture with oxide of copjiLv, oxide of 
copper again, and metallic coflpcr, and after these the chloride 
of calcium in a separate tube. Hydrate of lime is used to af- 
ford moisture by which any nitrogen in the tube may be. ex- 
pelled and estimated in the measure. Carbonate of copper may 
be used for the same purpose. Part of the carbonate is heated 
in the lirst instance to exp* l air ; and when the action of the 
heat upon the moisture has ceased, the rest of tli£ carbonic acid 
is expelled by applying heat again to the carbonate, so fhat all 
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nitrogen left in tlfc combustion tube may be collected. In Fig. 
609, A is the cup or cylindrical jar with mercury, B the gradu- 
ated tube, m and n are perforated corks to regulate the position 
of B ; C, a small glass tube connected by a cork E with the com- 
Tmstion tub^. 



I — TABLE OF EFFECTS OF HEAT AND COLD. 


— 135° 

— 121 
— 1)2 


— 50 

— 17 

— 40 
- 30 

— 2:3 


— 7 

+ 16 
20 
25 
28 
30 
32 
36 
50 
52 
os 


Greatest artificial cold that has yet been observed. 
Solid compound of alcohol and carbonic acid melts. 
Greatest artificial cold, as measured by Walker. 

{ Greatest natural cold observed by Parry. 

A Tote, — II oss states it at 60 . 

Cold observed at Hudson's Day. 

Sulphuric ether conceals. 

Sulphuric ether boils in vacuo. 

Melting point of solfd mercury. 

Observed on the surface of tile snow at Glasgow 
1780. 

Draiuly freezes. 

Oil of turpentine freezes. • 

Strong wine freezes. 

Human blood freeze?;. 

Vinegar freezes. 

Milk freezes. 

Ice melts. 

Olive oil freezes. 

Medium 'temperature of the surface of the globe. 
Mean temperature of England. # 

Ether boils. • 
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Fahrenheit. * 

98” Ileat of human blood. 

173.5 Alcohol Boils. 

212 Water boils. 

224 t Saturated solution of sea salt boils. 

442 Tin melts. 

554 Phosphorus boils. 

570 Sulphur boils. 

0L2 Head melts. 

050? (062 ? Dulong.) Mercury boils. 

778 Zinc melts. 

800 or 810 Ignition visible in the (lark. 

'JMNMo 1 100 Heat of a common fire. 

I860* Hrass melts. * • 

1878 Silver melts. 

P.MMjT Copper ni(‘lts. 

2010 Gold melts. 

2780 «■ Iron' melts. 

8280 Temperature of the maximum expansion c»f pla*- mm. 

? lleat of the oxy hydrogen blowpipe, of the gal/anie 
battery, &c. &e. 
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II. — FRIGORIFIC MIXTURES. 


%ABLE l — Of V rigor ific Mixtures without Ire or Show. 


Mixtures. 

Quantity ol‘ Materials by Weight. 

• 

Ri-diirtion of Temporal urt* 

Nmnlu r of 
Dcirrirs t In* 
Tin I'liionu*- 
tvl* fulls 

Diluted sulphuric* acid,*. 
Sulphate of soda,t 

...4 parts. 
....5 

• • 

From 4- ftO to 4- 8. 

■17 • 

• 

Muriatic acid, 

.ft 



Sulphate of soda, 

...8 

Prom 4- r>0 to 0. 

ftO 

Diluted nitric iicid,^ 

Phosphate of soda, 

...4 

...0 

Prom 4- oO to — 12. 

' 

• 

02 

Water, 

Nitrate of ammonia, 

A 

Prom + ftO to + 4. 

i 

4(i 

Water, 

..ir» 



Nitrate* of potassa, 

..r> > 

P com 4- ftO to 4- H>. 1 

40 

Muriate of ammonia, 

.o 


f 

Diluted nitric arid, 

...ft i 

V i 


Nitrate of potassa, 

Muriate ot ammonia, 

...2 

...4 

j 

Prom 4-ftOlo — 10. J 

00 

Sulphate of soda, 

! 

i 

• i 

• 


• Composed of 'equal weights of strong sulphuric acid and water pillowed to 
root before using it. ^ 

f Crystallized sulphate of soda, which should he reduced to powder before 
it is used. 

X Prepared by mixing one part of water and two of the strong acid de- 
scribed in paragraph 1.08. 
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Tsd liLE IT. — Frigorifie Mixtures with lee or Snow. 


f 

Mixtures . 

Quantity of Materials by Weight 

Reduction of TVuiperatim*. 

I 

Number of 
Di-jovt-s tin* 
TlMTinome- 

t»T fall'*. 

Snow,* 

t Diluted sulphuric acid,. 

....3 parts. 
....2 

From + 32 to — 

23. | 

1 

1 

r . r , 

Snow, 

Diluted nitric acid, 

...7 

...4 

From -+- 32 to — 

30. 

62 

Snow, , T 

...» 

. .5 

From + 32 to — 

27. 

59 

Snow,t 

Chloride of sodium, 

...2 

...1 

1 1 .to — fit. 

S 


- 

Snow, 


1 



Chloride of sodium, 

Muriate of ammonia,.. . 

....2 

....1 

U 



« 

Snow 

...3 

From 4 - 32 to — 

50 

82 

| Crystallise. muriate of lime 2 

r 

1 Snow 


1 From — 40 to — 


33 

J| Crystallise. muriate of lime 3 



73. 

Snow, 

Dilqtpd sulphuric acid,. 

..10 

1 

1 From — 68 to — 

! 

- 91 . 

23 







• When snow cannot be procured, pounded ice may be substituted for it. 
f I have s€»en the temperature of a mixture of common salt and snow fall 
to — 9 when a very largo quantity ^of materials were mixed together. 
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III — TABLE OF THE ELASTIC FORCE OF STEAM. 


Elasticity of Steam, 
the Atmospheric 
Pressure being 1. 

! 

Temperature ac- 1 
• cording to j 

Fahrenheit \ 

Elasticity of Steam, 
the Atmospheric 
Pressure being 1. 

Temperature ac- 
cording to 
•Fahrenheit. 

1 

212 i 

16 

398.18 

2 

250.52 

17 

103.82 

3 

275.18 

18 

408.92 

4 

293.72 

19 

413.78 

5 

307.5 

20 

418.46 

6 


21 

422.96 

7 

WXmfwEm 

22 

427-*« 

8 

341.78 

23 

431.42 

9 

350.73 

24 

435.56 

io 

358.88 it 

25 

439.34 

11 

360.85 

30 

457.16 

12 

374 

35 

572.73 

13 

380.66 

40 

_ 486.59 

14 


45 

4!H.l4 

15 

382.06 

50 

516.60 


IV. — CORRECTION OF THE BULK OF GASES FOR TEM- 
PERATURE, PRESSURE, AND MOISTURE. 

Correction for Temperature. 

As gases increase part of their vMume at 32° of Fulir. 
for every degree of incr&ise of temperature on the same spale, 
and decrease in the same ratio, we have the fallowing rule for 
the correction of temperature. • 

To the difference between 32° and the temperature*ef the gas, 
add 480°, divide the number oi* inches in the volume of gas by 
this sum, the quotient gives the expansion or contraction for 
each degree at the observed temperature ; multiply this by the 
number of degrees between 60° and the temperature of the gas, 
to obtain the whole expansion or contraction, and subtract the 
product from the vohime of the gas, if the observed temperature 
be above 60°, and add it if below 60°. 
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Example . — Coirect 100 cubic inches of dry atmospheric air 
at 70° to the mean temperature at 60°. 

7<r — 32* = 38, and 38 + 480 = 518. 

f Hut - — = 0.1 0305 cubic inch, 

518 

equal to expansion for one degree. # 

Then 0.18305 x (70° — 60 ) = 1.9305 cubic inches, equal to 
whole expansion ; and because the temperature is above 60° ; 
subtract, therefore, 

1.9305 from 100 = 98.0695, 

and the -remainder is the number of cubic inches of air at 70° 
when corrected to 60". 

• • 

Again — Correct 100 cubic inches of gas at 40° to mean tem- 
perature of 60°. 

4p — 32 = 8, 480 + 8 = 488 

and 1^ = 0.20401. cubic inches, 

488 

the amount of expansion for each degree at 40\ 

Then 0.20491 x (00 — 40) = 4*0982 cubic inches, equal to 
expansion for 20 degrees, the difference between 60 and 40 
And because it is below the mean temperature, therefore it is 
* to be addfd, and 100 +4.0982 = 101.0982 cubic inches, the 
amoun^of volume reduced to 60 . 


* Correction for Pressure. 

* 

• • 

Gases obtained during.any state of the barometer are under 
the same.pressure as the surrounding air ; and at any particular 
pressure their densities are inversely as the height of the mer- 
cury in tin* barometer. 

II once the following rule : — 

As the standard pressure 30", 

Is to the height indicated by the barometer when the gas is 
obtained ; 

So is the volume of gas obtained. 

To the vohime at 30 inches. 
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Formula, 

Lot S = Standard pressure 30 inches. 

... h ■=. height of barometer when g;fs is obtained. 

... v — volume of gas obtaimMl. 

... V = volume at 30 inches. % 

Then S : h : : v : V. 

Example . — Suppose ,100 eubic* inches of gas obtained when 
the barometer indicated 20 inches* 

Then 30 : 20 :: 100 : 00.00— volume at 30 inches. 


Correction for Aqi'kofs Vaimur. 

Look in the following table for the amount of moisture at tin? 
temperature given, multiply the number found by the inches in 
the volume of gas. Correct this product for mean temperature. 
Subtract this correction from the whole vohiyic corrected for 
mean temperature and pressure by the former rules, tfie remain- 
der is the number of cubic inches of dry gas at mean tempera- 
ture and pressure. 

Further, multiply (the ascertained weight in grains of 

permanent aqueous vapour in a cubic inch at a mean tempera- 
ture and pressure) by the amount of aqueous vapour, and this 
product, subtracted from the* u eight of the moist gas, gives the 
weight of dry gas. * 


FAliLE from Fa rad ay ^ founded upon the experiment* of Dr 
Dalton and Dr l 7 re , she winy the Proportion s by f'otume f 
Aqueous J r (t pour exist iny in any (i as stand iny over, or in eon - 
tact with , water , at the corresponding temperatures , and at a 
mean barometric pressure of thirty inches. 


40°. 

. .00833 

51 \ 

.01380 

01 

.01023 

71 - 

.02053 

41 .. 

. .0007a 

52 . 

. .01420 

02 .. 

.01080 

72 

. .02710 

42 . 

. .01013 

53 . 

. .01480 

03 . 

.02050 

73 .. 

. .02830 

43 .. 

. .01053 

54 

.01533 

04 .. 

.02120 

74 .. 

.02023 

44 .. 

. .01003 

55 

. .01580 

or . 

.02100 

75 

.03020 

45 .. 

. .01133 

50 

. .01040 

00 .. 

.02200 

70 . 

. .03120 

40 .. 

..01173 

57 - 

. .01003 

07 .. 

.02330 

i 77 .. 

.03220 

47 . 

. .01213 

58 

. .01753 

08 . . 

.02400 

78. 

. .03323 

48 

. .01253 

50 

.01810 

00 

.02483 

i 78- 

. .03423 

4!) 

50 

.01203 
.01333 l 

00 . . 

01806 

70 

.02500 

1 80 .. 

. .03533 


3 i. 
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Example ok Correction for Aqueous Vapour. 


Supposb wo obtain 200 cubic inches of gas standing over water, 
weighing .«)() grains. Temperature 55, height of barometer 29 
indies. 

Opposite 55° in the table" is found .01586/ the portion of 
aqueous vapour in gas at that temperature in contact with water 
and 

.01586 x 200 = 8.17200 

the amount of watery vapour in the 200 cubic inches. Correct 
this to mean temperature, and the result is 


8.17200 

(5.5—82)4-180 


X 5 /. c. (60 — 55) -.03158, 


and .081 5^ 4- 3.V7200 — 3.20353— the corrected volume of aque- 
ous vapour. 

The whole volume corrected to mean temperature becomes 
201.98807, 


for 


200 

(55 — 32)4-480 


x5, 


/. (60 —55) = 1.98807, 


and 1 .98807 4- 200 = 201.98807 ; 

\and this corrected for pressure is 195.25513. 


For . . . ;l() : 29 : : 201.98807 : 195.25513 

the volume corrected for temperature and pressure. 

From this subtract the amount of nqjieous vapour, 3*20353 


192.05160 

The remainder expresses tlie volume of dry gas corrected for 
temperature, pressure and moisture. 

Now, as every cubic of inch of permanent aqueous vapour weighs 
01929 grains, 

3.20353 x 0.1929 = 0.61796 grains 
equal to the weight of moisture. 

Hence 400 — 0.617796 = 399.38204 grains the weight of 
19S.05160\nibic inches of drv gas. 



rilKMir.Afj AH ACTS. 


SJ)D 


V. — EXTRACT FROM TIIF DESCRIPTION OF 
STEPHENSON’S LOCOMOTIVE ENGINE. 

Mr Stephenson’s Locomotive Engine is capable of evapora- 
tingrsoventy-cight culjic feet of water per hour, or eight gallons 
in a minute ; a-nd from the largo amount of tlihs power comes 
its great superiority to the old locomotives, which could evapo- 
rate only anout sixteen cubic feet per hour. 

The consumption of fuel per mile for every ton of the gross 
load is about a quarter of a pound, and that of the water is ra- 
ther less than a quarter of a gallon ; the consumption increas- 
ing to nearly one-half, according as the engine is less fully 
loaded, being proportionally greater with a light load ; the eon- 
sumption of water, when working with a full lojul, is a cubic 
foot per hour for each liorsc power, which is al^o the usual pro- 
portion in stationary engines, although these condense the steam. 
About eight pounds of fuel are required to evaporate a cubic foot 
of water, being nearly the same as in stationary engines ; but 
in the old locomotives as much as eighteen pounds were required 
in consequence of their having so small a heating-surface, which 
was only about two and a half square foot for each foot of water 
evaporated per hour, the proportion in the present one being « 
five 1 and a half square feet, and in stationary engines much as 
eight. 

The great power and velocity^)!* locomotive engines could not 
have been obtained without the rapid nfeans of generating 
steam afforded by the use* of the tubes; and tin* tubes woyld 
have been useless, without the powerful draught pihduccd by 
the blast, which increases in intensity with the velocity, and with 
the necessity for its increased action. 


VI THE CHEMICAL A It A CCS. 


The chemical abacus consists merely of the common abacus, 
so much employed bv the ancients, and still used in different 
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continental eiti/ s, especially at St Petersburgh, symbols repre- 
senting any elementary or compound bodies being placed along 
the side as shown in the figure. The more important elements 



are plan'd on one sale, and their compounds on the other, and 
► when the abacus is ust'd, the beads are placed to the right when 
intended represent elements, and to the left when they repre- 
sent compounds. The figure shews it arranged in the former 
manner, and six beads separated from the rest to illustrate 
the composition of Tdcohol. In I, they are supposed to be 
united together ; II represents the shme beads disposed so as 
to form t\v*> particles of hydruret of carbon (2 and 3), and one 
of water (4) ; III shews Another arrangement of the same ele- 
ments, vir.. bihydruret of carbon (5), water (6), and carbon (7). 
The student may procure a cltemical abacus for sixpence or a 
shilling, or he may make one for himself by stringing a few 
glass beads upon wires fixed in wood ; lie should practise fre- 
quently with it till he^be comes familiar with the various changes 
of which the most important compounds are susceptible, whether 
decomposed with or without the addition of other substances. 
I may be permitted to state that 1 was induced to suggest tin* 
use ftf the abacus for the above purpose, from observing the 
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facility with which many calculations were Finnic with it, in 
places whore it is in daily use, and fnyu the conviction that 
it will contribute greatly to facilitate the acquisition of a more 
precise knowledge of the details of the atomic theory. 


VII — TERIOD1DF of chromium. 

mscnVKKH) HY MK llKKUKUT OlliAUD. 

( From the Philosophical Magazine, Vol. XII. Pago .‘1*22, ) 

** 33.5 grains of chromate. of* potassa were intimately mixed with 
1()5.45 grains of dried iodide of potassium (the quantities being 
in tlie proportion of 3 equivalents of iodide of potassium to l of 
chromate of potassa) ; these materials were tlufn introduced 
into a tubulated retort, to which a receiver waS adapted ; about 
70 grains of fuming sulphuric acid were then poured upon the 
materials in the retort; this instantly gave rise to intense 
chemical action, accompanied bv the evolution of much calorie 
and the production of heavy garnet coloured fumes, which con- 
stitute the iodide of chromium in a state of vapour. The ele- 
vated temperature already induced was sustained bv means of a . 
spirit-lamp, and the fumes continuing to come over nvere con- 
densed in the neck of the retort and in tin* receiver. A small 
proportion of free iodine and alsy of sulphuric acid were carried 
into the receiver ; the products remaining* in the retort were; 
sulphate of potassa and gj*eeii sulphate *A‘ the otfide of chro- 
mium 

In every attempt which I have made to procure this substance, 
with varied proportions of the materials, I have never boon 
able to obtain it quite independent of a small proportion of free 
iodine and sulphuric acid ; it therefore appears, that it is not 
essential that the materials should he employed in the exact 
proportions of their equivalents. The essential changes which 
occur in the formation of this xuftstancc it re expressed by the 
following formula : 

3 IK & (*K -j- s(Y) and 1:S = 4(:S + K) and I { Cr. 

Tim toriodide of cliroininm. like the other compoirtids of that 
metal, is remarkahlc.fnr the hrilliancv of its colour, which \> of 
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a deep garnet hAe ; it is a fluid of* ail oily consistence, heavier 
than water, condensed into a deep vapour possessing the saint 
colour as the fluid at a temperature of about 300° Fahrenheit. 
f When exposed to the air, it attracts moisture, and thence gives 
rise to watfery fumes ; by mixture with Water it is resolved into 
chromic and hydriodic acids ; it destroys organic substances, 
gives a black colour to paper and wood, stains the skin of a deep 
and permanent brownish -red folour, and destroys the ’cuticle ; 
it is also destructive of animal and vegetable life. 


Vm.— SESQIJI-CARBONA'CK OF AMMONIA. 

From experiments made lately by Mr Seanlan, and researches 
conducted ftAmerly by Dr Dalton, it appears that there is no 
sesipii -carbonate* of ammonia, the common carbonate being 
merely a mixture of the carbonate and bicarbonate. On the 
addition of water, the carbonate principally is dissolved at first, 
and ultimatch the bicarbonate, so that the saturated solution 
procured by the first portion of water employed may have a 
higher sp.gr., and he very different from that ultimately obtain- 
ed. Dr Dalton says, I took abundance of salt, that is, what 
is commonly called carbonate of ammonia, first poured a small 
«|uantitv of water on the salt, then tried its specific gravity, 
which was 1.114. A second solution was 1.10(5, a third 1.003, 
and each diminishing, the last (the seventh) was 1.043, when it 
was all dissolved. X like sample, dissolved altogether, gave a 
solution having; the sp. gr. 1.080." 


IX.— PHOTOGENIC DRA WING. 

This term has been introduced to express a mode of taking 
drawings, in which Hie delineations are affected by the action 
of light on paper, or other .substances charged with a chemical 
preparation extremely sensitive to the impulse of light. Dif- 
ferent methods lvave been proposed, one more particularly by 
Daguerre, the description of which has not hitherto appeared, 
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the second by Talbot, the general arrangemci^s for which are 
as follow : — Take paper and steep it in a dilute solution of salt, 
dry it, and steep it again in a. dilute solution of nitrate of silver, 
so as to impregnate the paper with chloride of silver, which is 
formed upon it by the mutual action of the comnuyi salt aml» 
nitrate of silver, lly repeating this in diluted solutions with 
mueli care, excluding^ the light as the paper is dried, a surface 
is at last obtained fit for use. When a drawing is to be made 
with this paper, an outline, or engraving, or a leaf, a flower, or 
any similar object, is properly arranged on one side of a thin 
glass plate, and the prepared paper on the* other, and on expos- 
ing the first to a brilliant light, the prepared paper is darkened 
wherever the light is not intercepted bv the leaf, the engraving, 
or other object to be delineated. The lime-ball light at. a, with 

a reflector ft, admits of this process 
being conducted easily with artificial 
light, r represents paper with a series 
of lines, tf the interposed glass, r the 
photogenic paper, presenting, after 
having been acted upon, the reverse 
of tin* pattern. As tin* subject ap- 
pears to engage very general attention at present, some more 
minute and practical details will very soon be laid before the 
public. Several substances have been recommended for pro* 
serving flu* drawings, more particularly tin; iodide of*potassium, 
a solution of it being spread upon the paper ; they ought, however, 
to bo excluded as much as possible from flu* light, and never ex- 
posed to tin* bright light, of sunshine. • 


X— MR ROBERTS’ MODE OF BLASTING RfJCKS BY 
THE AID OF GALVANISM, AND OF DETONATING 
GUNPOWDER UNDER WATER. 



N P, N P, N P, represent the positive afid negative wires from 
a galvanic trough, each wire being surrounded with cotton, so 
that electricity cannot pass from the one to the other, except 
by the small wire, as represented in the magnifidB figure with 
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the attached arrow. This little wire* connecting the posi- 
tive and negative wires, heeonies ineandeseent when the galva- 
nie trough is put in action, detonates the gunpowder in tin* car- 
tridge in which it is contained, which inflames the additional 
gunpowder//’, in which it is imbedded ; a* s represents straw 
used in Mr Roberts’ arrangements for supporting the gun- 
powder and the sand, &c. /. The effect, of the powder is in- 
creased, according to his* views, by leaving atmospheric air 
above and below it, as at //. The galvanic trough being ar- 
ranged and in action*, the moment the string h is pulled, it 
mov“8 the light frame r<\ and causes the inetallie plate (k pre- 
viously held hoA by a spring coiled upon the wooden frame 
A, to touch a ; and the g.Jvanio circuit being now completed, 
electricity passes at once from P to N, detonating the gunpowder 
as the little wire is ignited 

The metallic wires do not require to be above twenty or thirty 
feet long* and the operator may retire to any distance before he 
pulls the string h ; the effect of the blast is considerably in- 
creased by there being no vent required, as in the usual mode 
for igniting gunpowder. One of Young’s troughs, with twenty 
pairs of plates, the plates being about four ruches Mpiare. doe* 
very well for this purpose. It may he charged with a solution 



PREPARATION OF POTASSIUM. 


905 


of sulphate of copper acidulated with sulphuric or nitric acid. 
The metallic wire in the gunpowder, connecting the positive 
and negative poles of the trojugh, cannotlie too small ; it may be 
made of platinum, hut steel wire has been preferred. 


XI — MR GLASS’S PROCESS FOR PREPARING 
. POTASSIUM. 

Mr Glass informs me, that lit' has succeeded in preparing po- 
tassium in larger quantity, and with much more facility, than it 
has been hitherto procured, by a modification of llrunner's pro- 
cess, the details of which he intends^) lay before the Society of 
Arts. lie uses charcoal and potassa, and a pecu^ar form of re- 
ceiver, in which the potassium is accumulate^. No naphtha is 
required in the receiver, at least during the preparation of the 
potassium. 
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DR D. B. REID’S CLASSES. 


ROXBURGH PLACE, EDINBURGH. 


Examinations and Practical Exorcises eve rtf lEcok. 


The WINTER LECTURES commence in the beginning of November, 
and terminate at the end of April. From One Hundred and Forty to 
One Hundred and Fifty Lectures are given. Ticket L.3, /5s. 

The SUMMER, LECTURES commence#ftirly in May, and conclude 
at the end of July. This Course includes Sixty Lectures. ^Ticket, L.l, /5s. 

PRACTICAL COURSES commence in the beginning of November, 
February, and May, each continuing Throe Months, and including aboul 
Sixty Lessons. Ticket, L./I, /is. 

INSTRUCTIONS in ANALYTICAL CHEMISTRY, arranged ac- 
cording to the professional Views of the Student. 

EXTENDED PRACTICAL and ANALYTICAL COURSES are 
also given, in which the Student, besides (Iterating one hour a-day, has 
access to the Laboratory for several Vlditional hours, for extra experi- 
ments, according to the arrangements which may be seen at the Practical 
Class-Room. Three Months Course, L.4, 10s. 

In the Practical and Analytical Courses, Mi-dicai, Stuhfnts, En 
u inkers. Manufacturers, Miners, Aoktcuetuiusts, and Ofntu-men 
uoinu a into ad, have each the opportuifity ol‘ engaging in a Series of Ex- 
periments more particularly adapted to their own pursuits. 









